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PREFACE 


In  the  author's  opinion  an  engineering  handbook  must  naturally 
include  all  infonnation  an  engineer  is  likely  to  be  in  need  of  in  the  par- 
ticular field  under  discussion.  It  should  have  some  theory  as  the  basis 
for  the  fundamental  formulae,  and  it  certainly  must  have  all  informa- 
tion required  for  the  comprehension  of  the  design  and  the  practical 
operation  of  any  system  falling  within  the  field  of  the  handbook.  In 
the  present  case,  therefore,  there  is  given  a  brief  treatment  of  certain 
thermodynamic  material  in  the  expectation  that  for  more  detailed  study 
of  this  phase  of  the  subject  the  reader  will  consult  a  text  on  thermo- 
dynamics; also,  such  infonnation  concerning  electric  motors,  steam 
and  oil  engines,  and  related  matters  as  is  absolutely  essential  for  the 
grasp  of  the  main  material. 

Much  of  the  material  of  this  book  has  been  gathered  and  used  for 
teaching  purposes.  This  is  particularly  true  of  the  special  applications 
of  refrigeration,  a  division  of  the  subject  which,  therefore,  has  been 
treated  perhaps  more  fully  in  this  book  than  has  heretofore  been 
attempted.  The  material  on  compressors  and  on  the  absorption 
machine  has  been  brought  up  to  date,  and  it  is  thought  that  the  chapters 
on  cold  storage  and  ice  manufacture  will  be  found  particularly  com- 
plete and  of  practical  value.  A  recent  great  increase  in  the  use  of  the 
household  refrigerating  machine  and  the  so-caUed  ice  cream  cabinet  has 
materially  assisted  in  the  development  of  the  automatic  machine,  while 
the  more  or  less  general  fear  of  ammonia  has  been  the  incentive  towards 
the  use  of  some  safer  refrigerant  such  as  methyl  chloride  and  the  hydro- 
carbons. We  have  more  and  more  such  things  as  "manufactured 
weather,"  the  use  of  precooling  and  refrigeration  during  transit,  district 
cooling,  hotel  and  apartment  house  refrigeration.  All  of  these  subjects 
will  be  found  treated  in  the  chapter  on  cold  storage.  The  development 
of  the  raw  water  ice  manufacture  has  stimulated  the  study  of  water 
treatment  and  air  agitation  while  the  increasing  cost  of  power  and  labor 
has  necessitated  the  use  of  the  Diesel  oil  engine,  the  electric  motor  and 
labor-saving  devices  in  the  tank  room.  Material,  therefore,  on  these 
matters  also  will  be  found  in  this  volume. 
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Wherever  possible,  illustrative  examples  have  been  worked  out.  As 
a  rule  such  illustrative  problems  are  very  similar  one  to  another,  and 
vary  only  in  the  physical  constants  used.  In  some  special  cases  these 
constants  are  not  known  accurately  (as,  for  example,  the  heat  capacities 
of  distillates  which  vary  in  the  different  oil  fields).  Not  many  years 
ago  Professor  Denton  was  forced  to  find  out  experunentally  for  himself 
certain  properties  of  ammonia  before  he  could  work  up  his  tests;  and 
the  early  refrigerating  engineers  experimented  on  the  specific  heat  of 
various  commodities,  such  as  plowshares,  brines,  etc.,  before  calculating 
the  refrigeration  required  in  special  problems.  In  some  cases  similar 
procedure  is  still  necessary,  especially  in  certain  chemical  processes, 
but  through  the  efforts  of  the  American  Society  of  Refrigerating 
Engineers,  the  United  States  Bureau  of  Standards,  and  other  societies, 
refrigerating  data  are  being  rapidly  collected  and  distributed.  Where 
such  information  is  already  available  the  author  has  endeavored  to 
embody  it  in  this  treatise. 

An  attempt  has  been  made  to  give  the  authority  for  all  material  not 
the  author's  own,  and  to  include  references  whenever  possible.  In 
particular  it  should  be  stated  that  the  introduction  follows  closely 
certain  parts  of  the  "  Principles  of  Thermodynamics,"  by  Professor 
G.  A  Goodenough,  to  whom  thanks  are  also  due  for  many  helpful  sug- 
gestions. The  manufacturers  of  compressors  and  refrigerating  equip- 
ment have  been  very  generous  in  supplying  information  without  which 
a  book  of  this  character  would  not  be  possible.  To  these  engineers, 
and  in  particular  to  his  former  students,  now  engaged  in  the  refrigerating 
industry,  the  author  desires  to  express  his  thanks.  He  wishes  also  to 
thank  Mr.  R.  E.  Gould,  research  assistant  in  the  Engineering  Experi- 
ment Station  at  the  University  of  Illinois,  for  his  reading  of  the  page 
proof. 

With  a  book  of  this  nature,  especially  in  the  first  edition,  it  is  practi- 
cally impossible  to  eliminate  errors.  The  author  solicits  information 
regarding  any  defects  in  the  problems  or  the  text. 

H.  J.  Macintire 
Urbana,  Illinois 


CONTENTS 


CHAPTER  PAGE 

I.     Introduction 1-19 

II.     The  Compressor 20-81 

III.  The  Absorption  Refrigerating  Machine 82-104 

IV.  Fittings  and  Condensers 105-155 

V.     The  Automatic  Refrigerating  Machine 156-178 

VT.     Heat  Tr.\nsfer 179-220 

VII.     Refrigerants 221-251 

VIII.     Brine  and  Brine  Systems ,    .      .  252-276 

IX.     The  Water  Supply 277-299 

X.     Erection  and  Operation 300-326 

XI.     The  Testing  of  Refrigerating  Plants 327-353 

XII.     Piping 354-373 

XIII.  Ice  Making 374^28 

XIV.  Cold  Storage 429-506 

XV.     The  Cooling  and  Conditioning  of  Air 507-544 

XVI.  Miscellaneous  Applications  of  Refrigeration  ....  545-566 

XVII.     Hotel  and  Apartment  Refrigeration 567-581 

XVIII.     Refrigeration  in  the  Chemical  Industry 582-598 

XIX.     Safety  Devices  and  Fire  Protection 599-631 

XX.  Costs  of  Refrigerating  Machinery  and  Equipment     .      .  632-675 

XXI.     Specifications 676-695 

XXII.     Electric  Motors 696-707 

XXIII.     Ste.\m  and  Oil  Engines 708-716 

Index 717 


HANDBOOK  OF  REFRIGERATION 


CHAPTER  I 
INTRODUCTION 

Mechanical  Refrigeration  is  one  of  the  many  applications  of  the 
theory  of  heat  energy,  but  it  is  a  reversed  cycle  as  compared  with  that 
used  in  prime  movers.  In  mechanical  refrigeration  heat  is  absorbed  at 
the  lower  temperature  and  is  rejected  at  the  upper  temperature,  and  a 
pump — the  compressor  or  other  device  of  similar  nature — is  employed 
to  make  the  cycle  possible.  A  book  on  refrigeration  has  to  cover 
primarily  the  field  of  its  application,  but  it  needs  also  to  give  material 
aUied  with  the  industry  and  which  the  refrigerating  engineer  finds  need 
of  in  his  work  as  well  as  the  fundamental  basis  for  the  cycles  and  the 
formuliE  used.  In  this  chapter,  therefore,  these  related  matters  will  be 
taken  up  very  briefly,  and  an  explanation  of  the  diagrams  used  in  repre- 
senting the  refrigerating  cycle  will  be  given. 

Energy. — A  moving  body,  a  compressed  spring,  or  a  substance  like 
steam  is  said  to  possess  energy  when  it  has  the  ability  to  perform  work 
while  its  condition  undergoes  a  change.  This  energy  may  be  mechanical 
kinetic  energy  due  to  its  motion,  or  mechanical  potential  energy  due  to 
its  position  or  its  state  of  aggregation.  When  the  energy  of  a  substance 
is  due  to  the  motion  or  the  change  or  arrangement  of  the  molecules  this 
energy  is  called  intrinsic  energy. 

Temperature. — Temperature  is  an  indication  of  the  rapidity  of  the 
vfcration  of  the  molecules  of  a  body,  and  usually  a  change  in  the  intensity 
of  this  vibration  is  evidenced  by  a  change  in  the  volume  of  the  body,  as 
when  heated  air  expands  or  cooled  mercury  contracts.  There  are  two 
scales  of  temperature  in  common  use,  one  in  which  the  distance  between 
the  melting  and  boiling  points  of  water  is  designated  as  a  hundred 
divisions  (with  the  zero  and  the  one  hundred  at  these  two  points,  respec- 
tively), and  the  other  naming  32  as  the  freezing  and  212  as  the  boihng 
temperature  with  180  divisions  between.    In  the  United  States  the 
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latter,  the  Fahrenheit  scale,  is  used  with  practical  unanimity  by  mechani- 
cal engineers;  while  the  other,  the  Centigrade  scale,  is  used  in  Great 
Britain  and  on  the  Continent.  The  absolute  zero  of  temperature,  as  is 
evident  from  what  precedes,  is  the  condition  where  there  is  no  vibration 
of  the  molecules  of  the  body.  This  point  is  considered  to  be  459.7 
degrees  below  the  zero  on  the  Fahrenheit  scale. 

Pressures. — Pressures  may  be  measured  in  inches  of  water,  or  of 
mercury,  in  atmospheres,  or  in  kilograms  per  square  centimeter.  The 
custom  in  the  United  States  is  to  use  as  a  unit  the  pound  per  square 
inch.  The  ordinary  gage  records  in  pressures  above  the  atmosphere,  so 
that  the  absolute  pressure  is  obtained  by  adding  to  the  gage  reading 
the  equivalent  of  the  atmospheric  pressure. 

Heat. — It  has  been  found  by  experiment  that  if  two  bodies  of  different 
temperature  are  placed  near  one  another  heat  will  flow  from  the  hotter 
to  the  colder  body  until  finally  the  same  temperature  is  attained  by  each. 
The  heat  in  a  body  may  be  sensible  heat  (indicated  by  its  hotness  or 
lack  of  hotness)  or  it  may  be  latent  heat,  a  term  used  to  denote  the 
change  of  aggregation  of  the  molecules  such  as  is  evident  when  the 
substance  changes  from  a  solid  to  a  Uquid,  from  a  liquid  to  a  gas,  or  vice 
versa.  The  unit  of  heat  is  taken  as  the  British  thermal  unit  (B.t.u.) 
which  is  defined  as  x^-q  of  the  amount  of  heat  required  to  raise  one 
pound  of  water  from  32  to  212  deg.  F. 

There  are  other  forms  of  energy  besides  heat  energy :  such  as,  chemical 
and  electrical  energy.  By  numerous  experiments  it  has  been  demon- 
strated that  energy  of  one  kind  can  be  transformed  into  energy  of  any 
other  kind. 

The  Energy  Equation. — Experiment  has  proved  that  if  heat  energy 
is  supplied  to  a  substance  a  change  may  occur  in  the  intrinsic  energy, 
or  external  work  (work  performed  on  an  external  body)  may  be  done, 
or  both.     This  is  stated  as  follows: 

1Q2  =  U2  -  Ui+AW 

where  1Q2  is  the  heat  added  during  the  process  IB,  Ux  is  the  initial  and 
C/2  is  the  final  intrinsic  energy  of  the  substance  and  TT^  is  the  work 
performed  in  foot-pounds  (ft. -lb.).  The  expression  A  is  for  the  recip- 
rocal of  the  mechanical  equivalent  of  heat  (rfs)- 

The  intrinsic  energy  may  consist  of  both  thermal  kinetic  energy, 
indicated  by  the  temperature,  and  thermal  potential  energy,  indicated 
by  the  state  of  aggregation  of  the  substance.  Energy,  like  pressure, 
volume,  temperature,  etc.,  being  a  point  function,  may  be  represented 
by  a  point  on  a  coordinate  plane  and  is  independent  of  the  path  bj'^  which 
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the  stated  condition  was  obtained.  It  follows  from  this  that  in  a  com- 
plete cycle,  on  arriving;  at  the  initial  point,  the  energy  change  is  zero. 
The  First  Law  of  Thermodynamics. — The  experiments  of  Rumford 
and  others  have  proved  that  mechanical  and  heat  energy  have  a  certain 
relationship;  that  is,  when  work  is  expended  in  producing  heat,  the  heat 
produced  is  proportional  to  the  work  perfonned.  This  can  be  expressed 
by  the  relation: 

Q  =  AW 

where  W  denotes  the  work  performed,  usually  expressed  in  mechanical 
engineering  in  foot-pounds  (ft. -lb.).  The  quantity  AW  .vould  then  be 
in  B.t.u. 

Conversion  Constants. — The  following  conversion  constants,  based 
on  the  first  law  of  thermodynamics,  will  be  of  value  in  the  solution  of 
problems. 

1.0  hp.  =  42.44  B.t.u.  per  minute. 

=  2546  B.t.u.  per  hour. 

1.0  KW.  hr.  =  3414.5  B.t.u. 

1.0  B.t.u.       =  777.6  ft.-lb. 

Specific  Heat. — The  ability  of  different  substances  to  absorb  heat 
varies,  as  instanced  by  water,  copper  and  iron.  The  ratio  of  the  capacity 
for  the  absorption  of  heat  possessed  by  equal  weights  of  certain  sub- 
stances, as  compared  with  the  capacity  of  water,  gives  the  specific 
heat  (c),  which  is  seldom  more  than  unity.  In  the  case  of  gases  and 
vapors  it  is  necessary  to  state  under  what  conditions  the  heat  was 
absorbed,  as  for  example  whether  it  was  at  constant  pressure  (Cp)  or 
under  constant  volume  (cr). 

The  p-v  Diagram. — Changes  in  a  substance  involving  changes  in 
pressure  and  volume  may  be  represented  by  a  line  on  the  plane  of  two 
coordinate  axes,  as  for  example  the  so-called  p-v  plane.  It  can  be  shown 
that  the  projected  area  under  such  a  "  curve  "  represents  the  external 
work  perfonned  during  the  particular  process  under  consideration.  In 
the  case  of  the  complete  cycle  the  area  of  the  closed  figure  on  the  p-v 
diagram  represents  the  work  performed,  and  the  energy  change  is  zero. 

Changes  of  State. — Such  changes  on  the  p-v  plane  have  various 
names,  depending  on  the  manner  in  which  the  volume  varies  with 
respect  to  the  pressure:  for  example,  the  isothermal  (constant  temper- 
ature), the  isobar  (constant  pressure),  the  constant  volume,  and  the 
adiabatic  (the  process  during  which  no  heat  is  added  to  the  substance 
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nor  given  up  by  the  substance).  The  ordinary  compression  o*"  air  or 
of  any  other  refrigerant  during  the  compression  stroke  is  none  of  these 
but  is  one  having  the  equation  pv'^  =  a  constant,  where  p  is  the  pressure 
exerted  by  the  gas,  v  is  the  volume  occupied  by  the  gas  in  cubic  feet, 
and  n  is  the  exponent  of  the  volume,  this  being  usually  about  1.4  for 
air  and  about  1.28  for  ammonia  and  carbon  dioxide.  The  external 
work  in  any  of  these  cases  is  the  projected  area  on  the  volume  axes  of 
the  p-v  plane.  It  is  convenient  in  such  cases  to  apply  the  energy 
equation 

1Q2  =  U2  -  Ui  +  AW 

in  order  to  find  the  heat  absorbed  or  rejected.  Special  formulae  are 
available  in  each  case  and  these  will  be  taken  up  in  their  turn. 

Available  Energy. — When  heat  energy  is  converted  into  work,  only 
a  part  can  be  so  converted,  the  amount  depending  on  the  temperature 
range  in  the  cycle  of  operations  and  on  the  separate  processes.  In 
other  words,  if  heat  is  supplied  to  a  heat  engine,  a  part,  and  sometimes 
only  a  very  small  part,  is  available  for,  and  can  be  converted  into,  useful 
work.  The  separate  processes  making  up  the  cycle  of  operations  may 
be  reversible  or  irreversible.  The  theoretical  frictionless  adiahatic  and 
the  isothermal  are  examples  of  the  former  type,  whereas  all  practical 
processes  are  irreversible.  By  the  term  "  reversibihty "  is  meant 
that  all  the  events  must  be  taken  in  the  reverse  order  and  that  at  the 
end  of  the  process  all  conditions,  both  externally  and  internally,  must 
be  restored  to  their  original  state. 

The  Second.  Law  of  Thermod3mamics  and  the  Carnot  Cycle. — The 
second  law  of  thermodynamics  can  Ije  stated  in  a  number  of  ways. 
From  experience,  it  can  be  said  that : 

1.  An  irreversible  change  causes  a  loss  of  availability. 

2.  A  reversible  change  causes  no  change  in  a^'ailability. 

3.  No  increase  in  available  energy  in  a  sj^stem  can  take  place  as  a 
result  of  a  self-imposed  change  in  the  body. 

The  Carnot  cycle  is  one  composed  of  two  isothermals  and  two  fric- 
tionless adiabatics.  If  Ti  is  the  absolute  temperature  of  the  source  and 
T2  is  the  absolute  temperature  of  the  refrigerator,  both  in  absolute 
degrees,  then  it  may  be  proved  that  the  efficiency  of  the  Carnot  cycle  is: 

^^T^-T.      Q1-Q2  _  AW 


Tx  Qi  Q 


where  Qi  is  the  heat  supplied  from  the  source,  Q2  is  the  heat  rejected  to 
the  refrigerator,  and  AW  =  Qi  —  Q2  is  the  work  performed  by  the 
engine. 
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The  refrigerating  cycle  is  a  reversed  cycle  (reversed  as  compared 
with  the  steam  engine  cycle)  and  it  absorbs  heat  at  the  lower  temper- 
ature and  rejects  it  at  the  upper  one,  the  reversed  motor  (a  compressor) 
making  this  cycle  a  possibility. 

Carnot's  principle  says  that  such  an  engine  cannot  be  more  efficient 
than  the  direct-acting  engine  working  between  the  same  temperature 
limits.     Two  examples  of  Carnot's  principle  follow: 

Problem. — A  reversed  Carnot  engine  is  used  for  refrigeration.  The  temperature 
of  the  refrigerator  is  —  10  deg.  F.  and  that  of  the  hot  body  is  80  deg.  F.  Find  the 
horse  power  reciuired  to  drive  the  engine  if  10,000  B.t.u.  per  minute  is  to  be  taken 
from  the  cold  body.     The  efficiency  of  the  cycle  is 

(SO  +  4G0)  -  f  -  10  +  4G0)         90 

E  =  ^ ^ =  —  =  0.1667 

(80  +  460)  540 

Qi  -  10,000 

0.1 007  = , 

Qi 
and  therefore 

Qi  =  12,000  B.t.u. 
from  which 

AW  =  2000  B.t.u.  per  minute 

=  2000  -^  42.44  =  47.1  hp. 

As  another  example,  suppose  a  reversed  Carnot  engine  is  used  for  heating  a 
building.  The  outside  temperature  is  0  deg.  F.,  and  the  inside  of  the  building  is  to 
be  maintained  at  70  deg.  F.,  and  100,000  B.t.u.  per  hour  are  required  for  heating. 
Find  the  minimum  horse  ])Ower  required.  It  seems  to  be  somewhat  difficult  to 
conceive  such  a  problem,  and  to  realize  that  heat  can  be  absorbed  from  the  cold 
body  at  0  deg.  F.,  but  similar  conditions  prevail  in  everj'  refrigerating  plant.  The 
efficiency  of  the  cycle  is,  as  before, 


But 


Ti  -  T2         70-0 

E  =  =  =  0.132 

Ti  460  +  70 


Qi  -  Q2 

=  0.132 


and  the  problem  sa3's  that  Qi  is  130,000  B.t.u.; 
therefore, 


from  which 

and 

and 


100,000  -  Q2 

—  =  0.132, 

100,000 

Q-2  =  86,800  B.t.u. 

AW  =  13,200  B.t.u.  per  hour, 

13,200  --  2.546  =  5.19  hp. 
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Entropy. — In  the  study  of  heat  processes  and  cycles  it  is  desirable 
to  have  a  workable  diagram.  The  diagram  on  the  j)-v  plane  is  useful 
only  in  a  limited  manner,  as  it  shows  the  external  work  performed  and 
not  the  manner  in  which  the  heat  flows.  The  so-called  entropy  diagram 
is  one  devised  to  show  by  the  projected  area  on  the  entropy  axis  the 
amount  of  heat  absorbed  or  rejected  during  the  process  or  system. 
Goodenough  ^  defines  entropy  as  a  quantity  proportional  to  the  unavail- 
able energy.  A  frictionless  adiabatic  is  one  process  conceived  to  have 
constant  entropy. 

Entropy,  being  a  point  function,  is  expressed  by: 


'/?-/■■ 


&2    —   Si    —     t      m       1      I       rp 


where  >S2  —  Si  is  the  change  of  entropy,  Q  is  the  heat  absorbed,  H  is 
the  heat  due  to  friction,  T  is  the  absolute  temperature  of  the  substance 
during  the  process. 

During  a  frictionless  isothermal  process 

,S2  -  .Si  =  Q  -^  r    and     Q  =  ^(^2  -  Si)     Fig.  1& 

Whereas  if 

dQ  =  Mcidt 
then 


where  c„  is  a  constant. 


'j'^ 


So  —  Si  ^  Mc^  I   y,  =  ilf  c„  loge  Y' 


The  temperature-entropy  diagram  is  one  with  absolute  temper- 
ature {T)  as  ordinates  and  entropy  as  abscissa.  These  diagrams  are 
easily  drawn  for  vapors  as  the  entropy  in  such  cases  is  usually  given  in 
the  tables  of  the  properties  of  saturated  vapors. 

Thermal  Potential. — A  quantity  now  being  used  to  a  large  extent 
for  the  solution  of  thermodynamic  problems  is  one  which  is  called 
thermal  potential.  This  is  defined  as  the  sum  of  the  energy  and  the 
product  A'pD,  or 

7  =   U  -h  Apv 

As  U,  p  and  v  are  point  functions  and  therefore  can  be  plotted  on  a  set 
of  suitable  coordinate  axis,  it  follows  that  7  is  a  point  function  and  that 
it  can  be  plotted  likewise.     Differentiating: 

di  =  du  +  Apdv  +  Avdp  =  dq  +  Avdp 

Other  advantages  in  the  use  of  7  as  a  coordinate  are: 

^  G.  A.  Goodenough,  Principles  of  Thermodynamics,  Henry  Holt  and  Co. 
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(a)  If  the  pressure  is 
constant  the  heat  absorbed 
(or  rejected)  is  equal  to 
the  difference  in  the  value 
of  I  at  the  l^eginning  and 
end  of  tho  process. 

(6)  In  a  closed  cycle 
the  work  performed  during 
compression  is  the  differ- 
ence in  the  value  of  I 
at  the  beginning  and  the 
end  of   compression. 

(c)  l])uring  a  throttling 
process  (the  process  in 
passing  through  the  ex- 
pansion valve)  the  value 
of  /  remains  constant. 

The  PI  Diagram.— 
The  entropy  diagram  is 
useful  in  understanding 
the  manner  of  heat  flow, 
but  it  is  not  workable  to 
the  extent  of  another 
diagram  called  the  P-I 
diagram  (Fig.  Id)  or  the 
IS  diagram  (Fig.  Ic). 
The  P~I  diagram  is  drawn 
out  accurately  in  Figs. 
1(U,  165,  166,  167  and  168, 
and  these  may  be  used  to 
advantage  in  the  solution 
of  engineering  problems. 

Perfect  Gases. —  The 
relationship  existing  be- 
tween pressure,  tempera- 
ture and  volume  for  a 
perfect  gas  may  be  ex- 
pressed by  the  equation 
pv  =  MBT 


or 


-^  Volume  V 


Entropy    S 


pv 


pm 
Ti 


=  a  constant 


i^  Thermal  Potential  I 

Fig.   1. — Theoretical  Refrigerating  Cycles  for 
Vapors. 
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where         p  is  the  pressure  in  pounds  per  sciuare  foot. 
V  is  the  volume  of  the  gas  in  cubic  feet. 
M  is  the  weight  of  the  gas  in  pounds. 
B  is  the  gas  constant,  53.3  for  air. 
T  is  the  temperature  of  the  gas  in  degrees  F.  abs. 

Specific  Heat  of  Gases. — The  thermal  capacity  of  a  substance  is 

the  heat  required  to  change  by  unity  one  of  the  variable  quantities. 

The  specific  heat  of  a  substance  is  the  ratio  of  the  thermal  capacity  to 

the  thermal  capacity  of  water.     The  usual  specific  heats  of  gases  are 

those  at  constant  pressure  (cp)  and  constant  volume  (c„).     The  rativ) 

c  . 

of  —  =  fc  is  very  nearly  constant  at  1.4  for  diatomic  gases,  and  it  is 

approximately  1.3  for  carbon  dioxide. 

Intrinsic  Energy. — The  intrinsic  energy  of  a  perfect  gas  has  been 
proved  (Joule's  Law)  to  be  independent  of  the  volume,  and  dependent 
only  on  the  temperature  of  the  gas.     This  relation  is  expressed  by 

U;  -  Ui  =  Mc,{t2  -  ti) 

where  L'2  —  Ui  =  the  change  of  intrinsic  energy. 

('j  —  ^1)  =  change  of  temperature. 

This  formula  may  be  written  also, 

P2V2  —  PlVi 


U2-  Ui  = 


1 


Changes   of   State:   Isothermal. — Should   a  perfect   gas  undergo  a 

change  of  state  at  constant  temperature,  then  pv  =  pivi  =  a  constant 
and  the  energy  change  is  zero.     From  the  energy  equation 

Q  =  AW 

where  W  is  the  work  performed  in  foot-pounds.  The  projected  area 
under  the  curve  on  the  p-v  plane,  on  the  volume  axis,  gives  the  external 
work  in  every  case.  For  the  isothermal  the  work  is  given  by  the 
expression 

AW  ^  AMBTi  loge  -  =  Apm  loge  - 

where  V2  and  v\  represent  the  final  and  initial  volumes  respectively,  and 
c  is  the  base  of  the  Napierian  logarithms. 

Adiahatic. — During  the  adiabatic  change  of  state  Q  =  0  and,  from 

the  energy  equation, 

U^-U^=-AW 
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In  other  words,  during  the  adiabatic  change,  work  is  performed  at  the 
expense  of  the  intrinsic  energy  or  vice  versa.  The  equation  for  an 
adiabatic   in   terms   of  j)  and   v  is  given   by  pv^  =  a  constant,  where 

A:  =  ^. 

The  work  performed  during  such  a  process  is  given  by 

PlVi    —   P2V2 


1W2 


1 


The  relation  between  the  temperatures  during  an  adiabatic  process 
can  be  shown  by 


A--1 

T2 

/.A- 

'  ('")  ' 

Ti 

\V2) 

\l>i) 

The  Constant  Pressure  Process. — During  the  isobar  change  of  state 
the  heat  absorbed  is 

1Q2  =  MCp(t2  -  ^1)  =  Mc,(t2  -  ti)  +  Ap(v2  -  Vx) 

The  Pohjtropic  Change. — In  the  polytropic  change  of  state  the  pro- 
jected curve  on  the  pv  plane  can  be  expressed  by  the  equation 

pv^  =  constant 

where  n  is  some  exponent  which  is  usually  between  1.0  and  1.4  for  air 
The  work  performed  is 


P\V\ 


P2V2 


1W2  = 

1  —  n 

and  the  energy  change  (as  in  any  change  of  state)  is 


Ui  -  U2  = 


PiVi  —  P2V2 
k  -  1 


a>    C 

^    G 

I/) 

a> 


The  Air  Refrigerating 
Machine. — When  air  or  a 
so-called  perfect  gas  is  used 
for  refrigeration  it  becomes 
necessary,  for  economy,  to 
use  a  compressor  and  an 
expansion  motor  on  the 
same  shaft.  In  such  a 
machine  the  process  for 
the  cooling  of  commodities 
will  be  represented  by  the 
line  EA  (Fig.  2),  where  A  is  the  temperature  of  the  cold  room  and 
F  denotes  a  temperature  which  is  slightly  higher  than  the  cooling  water 


p    B 

P.-V\ 

n 

\.E 

^««^     A 

Pi 

^Volume 

Fig.    2. — Refrigeration  Cycle  for  Air,  or  a 
Perfect  Gas. 
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in  the  aftercooler.  The  heat  absorbed  along  the  line  EA,  assuming 
complete  expansion  in  the  expansion  cylinder,  is  therefore 

The  net  work  required  to  be  delivered  to  the  air  refrigerating  machine 
(not  allowing  for  friction)  is  the  difference  in  the  area  A  BCD  and  EFGD. 
The  area  A  BCD  is  represented  by 

n  n 

"^compressor    =    '(PltU    "   PsVb)    = 'M B{T a    "    T b) 

n  —  1  11—1 

The  area  EFGD  is  expressed  by 

n  —  I  11  —  I 

The  effect  of  clearance  is  to  decrease  the  capacity  of  the  compressor 
and  motor  and  the  result  is  that  the  size  of  both  must  be  increased  in 
proportion.  Clearance  does  not  increase  the  power  requirements 
theoretically  but  it  does  practically  because  of  the  effect  of  friction. 
The  formula  for  the  volumetric  efficiency  is  given  in  Chapter  II. 

In  the  formula  for  the  refrigerating  effect  it  is  seen  that  the  heat 
absorbed  is  directly  proportional  to  the  weight  M.  This  weight  can  be 
increased  per  cubic  foot  of  piston  displacement  by  increasing  the  density 
of  the  gas  during  the  suction  stroke,  and  this  is  the  characteristic  of  the 
so-called  dense  air  machine. 

Vapors. — Practically  all  refrigerating  machines  at  the  present  time 
use  volatile  liquids,  and  it  is  necessary  to  understand  the  thermo- 
dynamics of  liquids  and  vapors  in  order  to  have  a  clear  understanding 
of  the  action  of  the  machine.  In  each  of  the  diagrams  mentioned, 
the  p-v,  the  P-I  and  the  IS  diagrams,  there  is  a  Liquid  line  on  the  left 
and  a  dry,  saturated  line  on  the  right  (Fig.  1).  The  top  of  the  dome 
made  with  these  two  lines  is  called  the  critical  temperature.  The 
region  between  the  liquid  and  the  dry,  saturated  lines  is  called  the 
saturated  region  while  the  superheated  region  lies  on  the  extreme  right 
where  the  vapor  begins  to  show  characteristics  of  a  perfect  gas. 

During  the  absorption  of  heat  by  the  liquid  the  temperature  will 
rise  and  the  volume  will  increase  very  slightly.  The  heat  of  the  liquid 
(if  the  specific  heat  is  taken  as  a  constant)  is  given  for  one  pound  of  the 
substance  by: 

lQ'2  =  cX  {t2  -  ti) 

and  if  the  specific  heat  is  not  constant 

dq  =  cdt 
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where  (h  —  fi)  is  the  increase  in  the  temperature  during  the  addition 
of  the  heat. 

If  the  vakie  of  c  is  not  constant  then  the  method  of  summation  must 
be  employed,  namely, 


Q  =  fcdt 


If,  at  any  particular  temperature,  the  action  of  evaporation  takes 
place  heat  will  be  absorbed  at  constant  temperature  (and  constant 
pressure)  until  the  liquid  is  entirely  evaporated,  and  the  amount  of 
heat  so  absorbed  per  pound  is  called  the  latent  heat  of  vaporization  (r). 
If  after  the  liquid  is  entirely  evaporated  any  further  heat  is  absorbed 
the  substance  becomes  superheated  and  (if  the  pressure  is  maintained 
constant)  this  occurs  at  an  increasing  temperature.  The  heat  absorbed 
in  the  superheated  region  is  similar  to  the  action  of  increasing  the 
temperature  of  the  Hquid,  and  for  one  pound  of  the  substance,  still  keep- 
ing the  pressure  constant 

xQ'i  =  CpX  (t2  -  /i) 

if  the  specific  heat  were  constant,  but  as  the  value  varies,  then,  as 
before  the  heat  absorbed  becomes 

Q  =  icpdt 

There  is  no  standard  starting  point  for  the  measurement  of  heat 
content.  For  a  long  time  the  zero  point  has  been  taken  as  32  deg.  F., 
but  this  is  awkward  in  refrigeration  so  that  the  Bureau  of  Standards 
used  —  40  deg.  F.  as  their  zero  in  the  tables  of  the  properties  of  saturated 
and  superheated  ammonia.  At  this  initial  state  the  thermal  potential 
of  the  liquid  becomes 

i'o  =  uo   +  Apvo 

As  m'o  =  0  at  this  point, 

then  i'o  =  Ayvo 

where  uq  and  vq  are  the  intrinsic  energy  and  volume  of  one  pound  of  the 
liquid  at  the  zero  of  the  measurement  of  heat  content. 

For  example,  taking  -p  =  144  X  10.41  lb.  per  sq.  ft. 

1 


and  Vq 


43.08' 


.U  ■'  144X10.41  r,f.,,oT,. 

then  ^  o  =  ^^g  ^  43  pg  =  0.0448  B.t.u. 

The  significance  of  i'o  can  be  seen  by  considering  the  work  performed 
in  forcing  one  pound  of  liquid  into  the  container  against  the  pressure 
59  lb. 
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The  value  of  i  is  given  by  the  expression  i  =  i'  -\-  xr  =  i"  —  (1.0  —  a;)r 
for  saturated  vapor  of  a  quality  x,  where  the  term  x  represents  the 
decimal  part  (of  the  unit  pound)  that  is  a  vapor. 

The  volume  of  a  mixture  is,  approximately,  v  =  xv"  where  v"  is  the 
volume  of  1.0  llx  of  diy,  saturated  vapor  at  the  pressure  under  con- 
sideration. 

In  the  tables  of  the  properties  of  saturated  vapors  may  be  found 
the  pressure,  temperature,  volume  of  one  pound  of  saturated  vapor, 
thermal  potential  of  the  liquid  and  of  the  dry  saturated  vapor,  the 
latent  heat  and  the  entropy  of  the  liquid  and  of  saturated  gas.  If  the 
superheated  region  is  evaluated,  the  specific  volume,  the  value  of  /  and 
the  entropy  are  given  for  the  different  pressures  and  amounts  of 
superheat. 

The  Refrigerating  Cycle. — The  refrigerating  cycle  for  volatile 
liquids  is  shown  in  Figs,  la,  \h  and  Ic.  Point  1  represents  the 
liquid  under  a  pressure  of  y^  lb.  corresponding  to  some  liquefaction 
temperature  usually  between  70  and  90  deg.  F.  In  order  to  perform 
useful  refrigeration  the  pressure  must  be  reduced  to  such  an  amount 
that  the  corresponding  boiling  temperature  will  be  suitable  for  the  con- 
ditions prevailing,  sa}^  10  to  20  deg.  F.  The  action  of  the  expansion 
valve  (the  pressure  reducing  valve)  is  shown  b}^  the  line  12.  Absorption 
of  heat  by  the  refrigerant  takes  place  along  the  lines  2S  and  on  the  T-& 
plane  the  amount  of  heat  absorbed  is  given  by  the  area  2367,  but  on  the 
IS  diagram  the  heat  absorbed  is  given  by  the  difference  (/s  —  1-2).  If 
the  gas  with  a  condition  represented  by  3  passes  to  the  compressor, 
superheated  gas  enters  the  condenser  as  the  compression  line  is  given 
by  34,  a,»d  the  point  4  represents  a  condition  of  superheat.  If  the 
compression  line  were  represented  by  the  line  56  the  condition  5  would 
indicate  the  presence  of  a  liquid  returning  with  the  vapor,  the  amount 
of  liquid  in  this  case  being  sufficient  for  the  point  6  to  be  just  on  the 
dry  saturated  vapor  line.  If  a  greater  amount  of  liquid  returned  with 
the  vapor  then  the  point  6  might  be  farther  to  the  left  and  this  would 
indicate  that  even  after  compression  there  would  remain  some  liquid 
in  the  compressed  vapor.  Finally,  the  compressed,  superheated  gas 
enters  the  condenser  and  is  cooled  and  liquefied  through  the  absorption 
of  heat  by  the  condensing  water  along  the  line  46 i-  On  the  IS  diagram 
the  useful'  refrigeration  is  the  value  13  —  h,  the  work  of  compression  is 
74  —  ?3  and  the  heat  lost  to  the  condenser  water  is  u  —  ^i-  The  tables 
and  the  diagrams  are  usuall}-  calculated  for  1.0  lb.  of  the  refrigerant. 

The  object  of  the  compressor  is  simply  to  increase  the  pressure  as 
efficiently  as  possible  to  an  amount  sufficientl}^  great  so  that  the  refrig- 
erant may  be  condensed  into  the  condition  of  a  liquid  again  by  the 
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use  of  atmospheric  air  or,  in  neady  every  case,  by  the  use  of  well  or 
surface  water,  thereby  making  it  possible  to  use  the  same  refrigerant 
continuously.  The  actual  discharge  pressure  of  the  compressor,  there- 
fore, depends  on  the  temperature  and  the  amount  of  the  cooling  water 
showered  over  the  condenser.  The  function  of  the  condenser  is  to 
liquefy  the  refrigerant,  but  it  is  very  important  that  the  pressure  of 
liquefaction  be  as  low  as  possible  as  well  as  the  temperature  of  the 
liquid  at  the  expansion  valve.  This  can  be  seen  very  well  from  the 
IS  diagram. 

The  refrigerating  effect  (from  Fig.  Ic)  is  seen  to  be  73  —  1-2  B.t.u.  per 
pound,  where  1-2  =  h,  the  thermal  potential  of  the  liquid  at  the  expan- 
sion valve.  The  lower  this  value  is  the  greater  will  be  the  refrigerating 
effect  {3  —  12,  but  the  only  economical  manner  of  lowering  this  temper- 
ature is  by  the  use  of  cooling  water  over  the  condenser  or  by  the  use  of 
a  water-cooled  aftercooler.  During  the  compression  process,  if  the 
compression  line  can  be  represented  by  the  expression  pv"  =  a  constant, 
the  temperature  rise  maj^  be  excessive  and  is  given  by  the  formula 


n-  L 

t2  =  (/i  +460)(^)  "    -  460 


where  ^2  =  the  final  discharge  temperature  in  deg.  ¥.,  fi  =  the  initial 
temperature  in  deg.  F.,  and  p2  and  pi  are  the  final  and  the  initial  pres- 
sures respectively. 

If  recourse  is  made  to  the  water  jacket  only  in  order  to  keep  from 
overheating  the  cylinder  the  temperature  of  the  discharge  will  become 
high  at  times,  sometimes  as  great  as  300  deg.  F.  At  one  time  it  was 
generally  understood  that  improved  operation  could  be  obtained  by 
the  use  of  a  liquid  refrigerant  injection  into  the  suction  of  the  com- 
pressor and  such  a  process  has  the  term  ivet  compression.  Such  a 
means  of  operation  is  still  used  in  extreme  conditions  but  the  control  is 
difficult  and  few  engineers  advocate  wet  compression  at  the  present 
time  for  general  practice. 

The  Ton  of  Refrigeration. — The  American  ton  of  refrigeration  is 
the  cooling  rate  of  200  B.t.u.  per  minute  or  12,000  B.t.u.  per  hour. 
The  standard  operating  conditions  are  an  evaporation  temperature  in 
the  cooling  coils  of  5  deg.  F.  and  a  liquefaction  temperature  in  the 
condenser  of  86  degrees.  The  unit  of  refrigeration  in  British  practice 
is  the  cooling  effect  of  one  kilogram  calorie  per  second.  This  would  be 
3.96  X  60  =  237.6  B.t.u.  per  minute  or  about  18.8  per  cent  greater 
than  the  American  unit.  The  American  ton  of  refrigeration  got  its 
origin  from  the  consideration  of  the  melting  effect  of  2000  lb.  of  ice  in 
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24  hr.  with  the  latent  heat  of  fusion,  taken  in  round  numbers,  as  144 
B.t.u.  per  pound. 

The  Coefl&cient  of  Performance. — According  to  the  laws  of  thermo- 
dynamics the  work  performed  in  compressing  different  refrigerants  for 
the  same  heat  absorbed  from  the  refrigerator  is  the  same  (this  being 
another  way  of  expressing  the  second  law)  for  similar  sets  of  conditions. 
In  practice  there  are  variations  which  assume  relative  proportions  of 
as  much  as  20  per  cent  for  carbon  dioxide  as  compared  with  ammonia. 
This  variation  is  due  to  the  relatively  large  value  of  the  heat  of  the 
liquid  as  compared  with  the  latent  heat  of  vaporization  and  because  a 
pressure  reducing  valve  is  used  instead  of  an  expansion  cylinder.  It  is 
important  that  the  power  consumed  be  known  for  the  different  refrig- 
erants under  varying  operating  conditions.  This  amount  can  be  found, 
among  other  ways,  from  the  ratio  of  the  refrigerating  effect  to  the  work 
of  compression.     On  the  IS  diagram.   Fig.    Ic,   the  ratio  would  be 

2o    ?9  . 

-. r.     For  efficient  work  the  value  of  the  coefficient  of  performance 

U  —  ^3 

should  be  large,  with  theoretical  values  of  from  4  to  10,  but  in  practice 
the  coefficient  is  considerably  less. 

Horse  Power  per  Ton  of  Refrigeration. — In  American  practice  it  is 
more  usual  to  hear  the  term  horse  power  per  ton  of  refrigeration  than 
the  coefficient  of  performance.  Using  again  the  /-*S  diagram  such  a 
value  would  be  obtained  theoretically  from 


horse  power  per  ton  =  -. X 

^3   —   l2 


200 
42.44 


4.713 


H  —  t3 
^3  —  12 


In  practical  work  the  real  volumetric 
efficiency  would  need  to  be  con- 
sidered, and  this  would  increase 
the  values  given  in  the  formula. 
Values  for  horse  power  per  ton  of 
refrigeration  may  be  less  than  1.0 
up  to  2.0  or  more  depending  on  the 
operating  conditions. 

Refrigeration. — Refrigeration,  as 
will  be  noted  later,  involves  a 
multitude  of  different  applications. 
In  general  it  is  understood  to 
embrace  any  method  of  securing  a 
temperature  lower  than  that  of  the 
atmosphere.  If  this  is  done  by 
Fig.  3.— Refrigeration  by  the  Use  of  Ice.   means  of  ice  and  salt,  or  other  mix- 
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tures,  or  by  the  use  of  ice  alone  (Fig.  3)  the  work  is  hmited  and 
expensive.  The  temperatures  produced  by  the  use  of  various  mix- 
tures are  as  follows: 

TABLE  1 


Parts  by 
Weight 

Degrees 
F. 

Parts  by 
Weight 

Degrees 
F. 

Sodium  chloride 

Snow  (or  ice) 

Calcium  chloride.  .  .  . 
Snow 

1 

O 

O 

1 

1 
1 

4 
3 

-1.6 

-27.4 
-31.0 

-38.3 

Sodium  chloride.  .  .  . 
Snow 

Calcium  chloride. . . . 
Snow 

Saltpeter 

Sal  ammoniac 

Water 

Sulphuric  acid 

Nitric  acid 

1 

1 

2 
1 

1 
1 
1 

1 
2 

-0.4 
-43.6 

Dilute  nitric  acid.  .  .  . 
Snow 

-11  2 

Potassium  hydrate . . . 
Snow 

-40  0 

Snow 

Such  a  method  of  securing  refrigeration  is  cumbersome,  limited  as 
to  the  temperatures  secured  and  the  ability  to  secure  ice  and  the  cost 
of  producing  the  cooling  would  be  too  great  for  general  use.  If  the 
cooling  is  done  by  means  of  a  machine  of  any  sort,  the  operation  is 
called  rnecfianical  refrigeration. 

The  Simple  Refrigerating  Cycle. — The  modern  refrigerating  plant, 
Fig.  4,  uses  a  closed  cycle,  even  when  air  ^  is  used  as  the  refrigerant. 
The  complete  cycle  includes  then:  a  set  of  refrigerating  coils  through 
which  the  refrigerant  circulates  and  absorbs  heat  from  the  cold  body; 
an  aftercooler  or  condenser  (at  the  upper  pressure)  which  is  the  hot 
body  and  which  receives  heat;  and  a  reversed  engine.  Fig.  5,  usually 
called  the  compressor.  Between  the  condenser  and  the  refrigerating 
coils  is  the  throttle  valve  for  reducing  the  pressure  to  the  amount  best 
suited  for  the  conditions  in  the  refrigerating  coils.  A  well-designed 
plant  must  have  the  work  of  each  of  these  three  parts  of  the  cycle  well 

2  A  closed  cycle  makes  it  possible  to  operate  with  suction  pressures  above  one 
atmosphere  as  in  the  case  of  the  dense  air  machine.  With  such  closed  cycles  the 
moisture  in  the  air  may  be  removed  so  as  to  decrease  the  operating  troubles  due  to 
frost  accumulations  on  the  expansion  engine  valves  and  exhaust  ports.  It  so  hap- 
pens that  in  the  early  days  of  mechanical  refngeratiou  tue  open  system  was  used 
more  extensively  than  the  closed  cycle. 
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balanced.  The  refrigerating  coils  must  be  large  enough  in  heat  transfer 
surface  to  absorb  the  re(}uired  amount  of  heat  from  the  substance  to  be 
cooled,  for  example,  air,  liquids,  etc.,  in  order  that  the  required  "  duty  " 
shall  be  performed.  The  absorption  of  heat  involves  consideration  of 
the  value  of  heat  transfer  usually  stated  as  the  number  of  B.t.u.  per 
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valve     receiver  compressor 
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Compressor  suction 
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Condenser  water  connections 
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Fig.  4. — Typical  Refrigeration  Plants. 


square  foot  per  1.0  degree  F.  difference  of  temperature  per  hour  and  is 
represented  by  the  symbol  k.  This  value  k  is  of  extreme  importance 
in  mechanical  refrigeration. 

The  aftercooler  (the  condenser)  has  to  remove  a  certain  amount  of 
heat,  an  amount  varying  from  230  to  250  B.t.u.  per  minute  per  ton  of 
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refrigeration.  Again  the  value  of  the  coefficient  of  heat  transfer  (k)  is 
an  important  consideration  and  in  each  case  the  total  heat  transfer 
may  be  stated  from  the  formula: 

Q  =  A  XkX  (t2  -  ti) 

where         A  =  the  area  of  the  surface  exposed  to  heat  transfer; 

t2  —  t\  =  the  temperature  difference  on  the  two  sides  of  the  surface; 
Q  =  the  heat  absorbed  or  rejected  per  hour. 

Expansion  Cylinder  or  Expansion  Valve. — As  the  energy  change  of 
a  perfect  gas  is  a  function  of  the  temperature  only  it  becomes  essential 
that  when  a  so-called  perfect  gas  is  used  for  refrigeration  that  an  expan- 
sion cylinder  be  employed  in  order  that  on  expansion  it  will  at  least 
approximate  the  adiabatic.  In  the  case  of  vapors  this  is  different 
and  in  practice  all  successful  refrigerating  machines  using  a  Uquid 
refrigerant  make  use  of  the  throttle  (pressure  reducing)  or  the  so-called 
"  expansion  "  valve.  The  gain  in  simplicity,  cheapness  in  first  cost  and 
ease  in  operation  as  compared  with  some  slight  gain  in  economy  when 
using  the  expansion  cylinder  has  entirely  excluded  the  latter.  As  an 
example,  take  a  condition  of  86  deg.  F.  temperature  of  the  liquid  am- 
monia and   5   deg.    F.   evaporating   temperature.     In   the  expansion 

valve  z'l  =  io  or 

138.9  -  48.3       „_„_ 

*  86  =  t  5  —  a-srs     or    a;  =  ^^^  ^ =  0.1605 

565.0 

whereas  in  the  adiabatic  expansion  (constant  entropy) 

(  r\  0.2875-0.1092       ^.,,_^ 

5  86   =   S  5  +  X,[j^^  X  =   ^^^^ =   0.1470 

From  this  calculation  the  loss  of  refrigeration  due  to  the  use  of  the 
expansion  valve  is  (0.1605  -  0.1470)  565  =  7.6  B.t.u. 

Sub-cooling  the  Liquid. — The  refrigerating  effect,  per  pound  of 
ammonia,  boiled  to  dry,  saturated  vapor  with  ti  before  and  t2  after  the 
expansion  value  is 

Q  =  i"2  -  i'l 

It  is  evident  that  any  scheme  which  will  decrease  the  value  of  i\  (the 
thermal  potential  of  the  liquid  before  it  enters  the  expansion  valve) 
will  result  in  a  greater  value  of  the  net  available  refrigeration  per  pound 
of  refrigerant,  but  in  general  the  operation  must  be  done  by  the  con- 
densing water.  However  if  colder  water  than  that  used  for  liquefaction 
in  the  condenser  is  available  it  must  be  used  for  sub-cooling  after  liquefac- 
tion as,  if  any  vapor  is  present  sub-cooling  is  not  possible  unless  air  or 
other  non-condensible  gases  are  present  as  is  shown  in  Chapter  IV. 
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The  only  other  successful  method  of  sub-cooling  the  liquid  is  to  make 
use  of  the  dual  compression  or  the  stage  compression  method  given  in 
Chapter  II  whereby  the  liquid  is  cooled  at  an  intermediate  pressure  and 
the  gas  evolved  at  the  intermediate  pressure  is  compressed  by  a  special 
compressor. 

The  Optimum  Refrigerant.— The  second  law  of  thermodynamics 
states  that  the  kind  of  working  medium  does  not  influence  the  economy 
of  operation  of  a  heat  engine.  A  preferred  refrigerant,  therefore,  will 
not  be  one  that  will  increase  the  efficiency  of  the  cycle,  but  it  will  be 
one  that  for  the  kind  of  operation,  or  the  type  of  load  or  service  will 
give  best  results  as  regards  the  pressures  exerted  in  the  cycle,  the  piston 
displacement,  the  chemical  properties  or  the  effects  on  plant  or  animal 
life.  Some  of  the  small  machines  are  required,  by  reasons  of  convenience, 
to  use  an  air-cooled  condenser  in  which  case  the  pressure  resulting  from 
the  Uquef action  must  not  be  excessive. 

In  the  following  chapters  of  this  handbook,  then,  there  will  be  con- 
sidered first  the  compressor  or  other  mechanical  device  between  the 
lower  (the  refrigerating)  pressure  and  the  higher  (the  condenser)  pres- 
sure, Chapter  II;  the  absorption  machine.  Chapter  III;  condensers, 
fittings,  etc..  Chapter  IV;  the  low-pressure  side  and  its  applications  to 
various  industries;  as  for  example  that  of  ice  making.  Chapter  XIII; 
cold  storage.  Chapter  XIV;  and  miscellaneous  applications,  Chapter 
XV.  Subjects  of  lesser  general  importance,  though  valuable  to  the 
engineer,  such  as  heat  transfer,  Chapter  VI;  automatic  refrigeration, 
Chapter  V;  brine.  Chapter  VIII;  water-supply  systems,  Chapter  IX; 
operation  and  erection,  Chapter  X,  etc.,  are  discussed  as  indicated. 


CHAPTER  II 
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History  and  Development. — The  first  machines  used  in  the 
mechanical  production  of  cold  were  constructed  on  the  principle  of  the 
vacuum  machine,  wherein  the  vacuum — which  was  obtained  mechani- 
cally— permitted  the  refrigerant  to  boil  at  a  sufficiently  low  temperature 
to  secure  the  results  desired.  These  machines  included  that  of  Wm. 
CuUen  in  1755,  using  water  under  high  vacuum;  Vallance's  machine  of 
1824;  and  Edmund  Carre's  device  of  1850,  both  using  sulphuric  acid 
to  absorb  the  water  vapor,  and  thereby  permitting  less  severe  operating 
conditions  than  would  be  required  if  an  air  pump  had  had  to  be  used. 

In  1845  Dr.  John  Gorrie  developed 
the  cold  air  machine,  using  a 
closed  cycle  and  an  expansion 
cylinder,  and  this  machine  was 
improved  by  Kirk  in  1861,  Postle 
in  1868  and  Windhausen  and 
Nehrhch  in  1869.  The  air 
machine  was  perfected  by  James 
Coleman  and  John  and  Henry 
Bell  in  1877  and  subsequent 
years,  with  the  result  that  the 
Bell-Coleman  compressor  became 
very  well  known  and  mechanical  refrigeration  got  a  real  impetus. 
The  present-day  compressor  is  based  on  the  designs  of  Linde,  Ferguson 
and  John  De  la  Vergne. 

The  first  refrigerant  other  than  air  or  water  was  that  used  by  Jacob 
Perkins  whose  compression  machine  (Fig.  6)  was  invented  in  1834. 
This  machine  was  intended  to  be  used  with  sulphuric  ether,  [(C2H5)20] 
but  it  never  got  beyond  the  experimental  stage.  The  Perkins  machine 
was  revived  in  1857  by  Dr.  James  Harrison  (using  sulphuric  ether)  and 
was  quite  successful  for  refrigeration  in  breweries,  and  for  the  cooling 
of  meat  and  other  perishable  products.  Finally  Dr.  Carl  Linde,  in 
1873,   introduced   the  ammonia   compression   machine,   and   in    1876 
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Fig.  6. 


—Vapor  Compression  Refrigerating 
Machine  of  Jacob  Perkins. 
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Raoul  Pictet  devised  the  sulphur  dioxide  compressor,  using  water  to 
cool  the  piston  and  piston  rod  as  well  as  the  cylinder.  In  the  eighties 
mixtures  ^  of  different  refrigerants,  and  volatile  liquids  like  ethyl  chloride, 
methyl  chloride,  ethylic  ether,  acetylene,  ethylo-sulphurous  dioxide, 
naphtha,  gasoline,  cyrogene,  etc.,  were  given  attention.  By  a  system  of 
elimination  the  practical  refrigerants  were  narrowed — as  far  as  Great 
Britain  and  the  United  States  were  concerned — to  ammonia  and  carbon 
dioxide,  but  at  the  present  time  (1927)  interest  is  directed  towards  other 
refrigerants  for  special  purposes. 


o 
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Fig.  7. — Apeldoorn  Compressor. 


THE   MODERN   DESIGN   OF  AMMONIA   COMPRESSORS 

The  Slow-speed  Horizontal  Double-acting  Compressor.^ — The 
present-day  construction  of  the  older  type  (the  Linde  design)  of  am- 
monia compressor  of  the  double-acting,  horizontal  design  (which  is 
still  preferred  by  certain  engineers)  is  heavy  and  sturdy.  The  design 
is  more  Hke  the  heavy-duty  rolUng-mill  engine,  and  has  sufficient  metal 
in  the  cylinder  for  several  reborings.  The  frames  are  usually  made  of 
very  close-grained  cast  iron,  while  the  cylinder  is  either  of  a  close-grained 
cast  iron  or  of  a  special  steel  casting  and  is  cast  separately  from  the 
frame.  The  cylinder  heads  are  made  of  the  same  material  as  the 
cylinder,  and  the  Linde  type  of  compressor  has  a  spherical  piston  and 

^A  number  of  mixtures  of  two  vapors  has  been  attempted  of  which  Pictet's 
liquid  is  the  best  known.  This  latter  is  a  certain  mixture  of  carbon  dioxide  and 
sulphur  dioxide  and  the  resulting  combination  condenses  at  a  pressure  considerably 
less  than  required  for  pure  carbon  dioxide.  More  recently  propane  and  butane 
have  been  proposed  but  they  are  mere  mixtures  and  not  new  compounds.  The 
physical  properties  of  such  mixtures  are  never  known  with  any  degree  of  accuracy, 
and  the  relative  amounts  of  the  mixture  vary  considerably  unless  it  is  possible  to 
eliminate  all  leaks. 
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cylinder  heads,  the  idea  being  that  greater  valve  area  as  well  as  greater 
strength  is  possible  by  this  arrangement. 

In  this  type  the  piston  is  now,  usually,  of  semi-steel,  cast  in  one 
piece  and  hollow,  although  the  built-up  construction  using  the  spider, 
spring  and  bull  ring  is  also  common.     The  crosshead  is  usually  of  the 

box  type  with  adjustable 
shoes  at  top  and  bottom, 
and  is  of  semi-steel.  The 
connecting  rod  is  made  of 
one-piece  steel  forging,  with 
bronze  boxes,  lined  with  bab- 
bitt. The  main  bearing  is  of 
the  floating  type  of  quarter 
box,  lined  with  babbitt,  and- 
is  adjusted  by  means  of 
wedges  and  screws  (Fig.  8). 
The  crankshaft  is  of  one- 
piece  steel  forging,  turned 
and  ground.  The  stuffing 
box  is  of  the  lantern  type, 
using  now,  as  a  rule,  first  a 
metalKc  packing;  then  the 
lantern,  and  finally,  a  soft 
packing.  The  lantern  is  con- 
nected by  means  of  piping 
to  the  suction  line  so  that 
there  is  in  this  way  only 
suction  pressure  exerted  on 
the  outer  part  of  the  stuffing 
box,  whose  length  may  vary 
in  the  different  makes  from 
8  to  18  in.     (Fig.  9). 

The  older  Linde  tj'pe  of 
Fig.  8. — Compressor  Details;  the  Main  Bearing,  valve  is  the  poppet,  or  mush- 
room valve  which  gives  "  line 
contact  "  on  a  bevel  seat.  The  poppet  valve  has  been  remarkably 
successful.  Springs  are  used  to  close  the  valves,  but  an  attempt 
is  made  to  cushion  the  closing  of  the  valve  (which  is  usually 
quite  heavy)  by  means  of  dash  pots  (Fig.  10).  On  account  of  the 
sturdy  design  and  workable  valves  the  compressors  of  the  Linde  type 
have  had  a  very  successful  life,  the  design  not  having  been  changed 
to  any  great  extent  since  the  first  construction  in  about  the  year  1873. 
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The  poppet  valve  can  be  made  very  tight,  and  it  can  be  reground  on  its 
seat  easily.  The  compressor  speed  is  limited,  however,  to  from  75  to 
100  r.p.m.,  and  therefore  where  higher  speeds  are  required  a  lighter 
weight  valve— one  of  small  inertia — must  be  used. 

The  Horizontal  High-speed  Compressor. — The  principal  reason  for 
the  use  of  the  high-speed  in  place  of  the  low-speed  compressor  is  the 
decrease  in  the  space  required  by  the  machine,  although  a  cheaper 
electric  motor  can  be  used  if  it  is  permitted  to  revolve  at  1200  or  1800 
r.p.m.,  and  the  oil  engine  drive  is  easier  to  make  at  compressor  speeds 
up  to  250  r.p.m.  It  is  a  mistake  to  say,  however,  that  the  moderate- 
speed  compressor  is  cheaper  per  ton  of  refrigeration,  as  the  stresses 
developed  make  it  necessary  to  use  higher-priced  material  than  would 
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Fig.  9.— Metallic  Rod  Packing. 


be  used  in  the  slow-speed  machine,  and  the  problems  of  balancing, 
lubrication  and  foundations  demand  special  consideration,  in  conse- 
quence of  which  the  cost  is  considerably  increased,  as  compared  with 
the  slower  rotative  speeds  using  the  same  sized  cjdinders. 

The  high-speed  compressor  frame  is  of  the  rolling-mill  engine  type, 
and  the  frame,  cylinder  and  heads  are  composed  of  semi-steel  (Fig.  11). 
The  castings  are  sand  blasted  and  then  have  an  acid  bath  to  remove 
the  surface  sand.  The  piston  and  connecting  rods  and  the  crankshaft 
are  of  high  quality  steel  forgings,  each  forging  being  made  from  a  single 
billet.  The  pins  are  of  high  carbon  steel,  heat  treated  and  ground. 
The  valves  are  of  the  plate  (the  De  la  Vergne,  and  IngersoU-Rand), 
Fig.  (ll)  the  ring  plate  (Vilter,  and  discharge  valve  of  the  Arctic)  and 
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the  ribbon  (the  Carbondale) 
type.  The  material  com- 
posing the  valves  is  the 
very  best,  frequently 
chrome- vanadium  steel,  and 
is  hardened  and  ground,  or 
tempered  and  ground.  The 
rise  of  the  valve  off  its  seat 
is  very  slight.  Typical  in- 
dicator cards  are  shown  in 
Figs.  13  and  14. 

In  the  horizontal  ma- 
chines the  discharge  valves 
are  always  placed  on  the 
bottom  in  order  to  permit 
easy  relief  should  liquid 
ammonia  enter  the  cylin- 
der with  the  suction  gas. 
The  high-speed  compressor 
uses  sets  of  valves  of  small 
size  in  preference  to  a 
smaller  number  of  large 
valves.  The  suction  and 
the  discharge  valves  are 
frequently  identical,  except 
for    the     position     of    the 
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Fig.    11a. — Compressor  Details;   Crosshead    and 
Rod. 

valve  cage  in  the  seat.      The   ports  are 


Back  cylinder 
head 


Fig.  115. — Compressor  Details;   Head  End  and  Valves. 
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made  generous  in  size  and  as  direct  as  possible.     Tests  indicate  that 
the  port  design  affects  the  economical  operation  to  a  greater  degree 


Fig.  12. — Horizontal  Double-acting  Ammonia  Compressor  with  Plate  Valves. 
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Fig.  13. — Details  of  the  Ribbon  Type  of  Valve,  with  Indicator  Card. 

than  the  net  cross  section  of  the  valve  opening.     Since  designers  act 
with  the  understanding  that  a  nominal  amount  of  clearance — varying 
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from  3  to  6  per  cent— does  not  affect  appreciably  the  economical  opera- 
tion of  refrigerating  compressors,  the  horizontal,  double-acting  high- 
speed compressor  usually  does  not  attempt  to  eliminate  clearance,  or 
attempt  to  utihze  the  safety  head  principle,  nor  is  there  an  attempt  to 
safeguard  the  cylinder,  by  flexible  cylinder  head  studs  or  otherwise, 
from  the  harmful  effects  of  slugs  of  ammonia  liquid  in  the  cylinder. 

Special  consideration,  however,  is  given  to  lubrication.  There  are 
now  two  methods  in  frequent  use;  first,  the  sight  feed  automatic 
lubricator  (the  Vilter  and  the  De  la  Vergne)  and  second,  the  splash 
type  for  the  engine  crank  mechanism  (the  Ingersoll-Rand,  the  Arctic 
and  the  Worthington).  When  the 
latter  is  used,  provision  is  required 
in  the  shape  of  a  special  parti- 
tion to  prevent  the  oil  in  the 
crankshaft  from  entering  the  cyl- 
inder. Cylinder  (low  temperature 
test)  oil  is  pumped  into  the  cyl- 
inder and  the  stuffing  box  by 
means  of  a  special  mechanical 
pump  lubricator. 

As  it  is  practically  impossible 
so    to    control    wet    compression 
as  to   obtain  the  best  results,  all 
modern    compressors    operate    on 
dry    compression,     thus     necessi- 
tating   (for   ammonia)  the   use  of  "York"  ll'x  13"  Compressor 
a  water  jacket.     The  water  jacket  fk,.  i4.-Details  of  the  Poppet  Type  of 
is    of    slight    use    except    at    the            Valve,  with  Indicator  Diagram, 
last    third    of    the    stroke,    and 

so  the  heads  are  practically  the  only  place  where  the  horizontal,  double- 
acting  compressor  can  obtain  any  benefit.  This  tendency  is  seen  in 
the  Vilter,  the  Ingersoll-Rand  and  the  Worthington  Pump  designs 
(F'igs.  11,  12  and  24).  It  is  a  question  whether  the  water  jacket  affects 
the  compression  line  appreciably,  but  its  function  is  to  prevent  over- 
heating of  the  metal,  and  in  consequence  to  improve  at  the  same  time 
the  "  real  "  volumetric  efficiency. 

The  Vertical  Single-acting  Compressor. — The  vertical  single-acting 
compressor  is  of  two  types,  (1)  the  semi-enclosed  type  and  (2)  the 
totally  enclosed  designs.  The  semi-enclosed  twin  cylinder  open  frame 
compressor  first  appeared  about  1900  and  is  still  being  sold  by  the 
Frick  and  the  York  Companies  (Fig.  26).  It  is  an  excellent  design, 
giving  the  greatest  economy  of  any  compressor,  and  is  built  in  the 
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Fig.  15. — Single-acting,  Enclosed  Type,  High-speed  Ammonia  Compressor. 

largest  capacities.     Because  of  the  vertical  cylinder  and  the  use  of  a 

crosshead,  only  piston  ring  pressure  is 
exerted  on  the  cylinder  walls,  and  the 
cylinder  does  not  wear  out  of  round  as 
quickly  as  the  horizontal  design  does. 
The  height  of  the  compressors,  the 
operating  troubles  with  the  stuffing  box 
and  the  relatively  slow  speed  appear  to 
influence  opinion  in  favor  of  the  totally 
enclosed  compressor  (Fig.  16).  This 
latter  design  is  becoming  more  and 
Fig.  16. — Twin  Vertical  Single-  more  hked,  both  in  America  and  Great 
acting  Ammonia  Compressor.       Britain.     Both    types    have    a    uni-flow  I 

of    the    ammonia    as    the    suction    am- 
monia- gas   enters   below    the   piston  and  passes  through  the  suction 
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valve  in  the  piston  of  the  ring  plate  or  the  balanced  light  weight 
poppet  type,  the  latter  opening  and  closing  by  the  inertia  of  the  valve 
during  reciprocation,  and  the  discharge  passing  through  a  form  of  poppet 
valve  in  the  false  head  held  on  its  seat  by  means  of  heavy  springs  (Fig. 
14).  The  water  jacket  is  located  along  the  last  third  of  the  stroke  only, 
and  at  times  in  the  head  as  well,  the  remainder  of  the  barrel  being 
insulated.     On  account  of  the  safety  false  head  the  (striking)  clearance 


Fig.  17. — The  Haslam  Ammonia  Compressor. 

From  The  Haslam  Foundry  &  Engineering  Co.,  Ltd.,  Derby,  England. 


Heat  units  eliminated  hourly,  cooling  60°  to  40°  F 

Ice-making  capacity  per  24  hours,  tons 

Refrigerating  capacity  per  24  hours,  tons 

Actual  horse  power  required 

Revolutions  per  minute 

Shipping  weight,  cwts 

Shipping  measurements,  cubic  feet 


Number  of  Machine 


32,000 

1 

2 

4i 

200 

13| 

3C 


72,000 
2j 
4i 
9 
170 
191 
75 


112,000 
3i 
7 
13 
150 
25^ 
100 


152,000 
5 
9i 
16 
140 
36^ 
170 


240,000 

8 

15 

22 
130 

48J 
220 


is  made  very  small,  as  little  as  eV  in.     The  piston  rods  and  stuffing 
box  are  subjected  to  suction  pressure  only. 

The  Semi-enclosed  Compressor. — The  semi-enclosed  vertical  single- 
acting  compressor  (Fig.  26)  has  its  two  cranks  180  degrees  apart,  and 
(if  engine  driven)  has  the  connecting  rod  of  the  steam  engine  connected 
to  one  of  the  crankpins  of  the  compressor.  This  permits  the  maximum 
resistance  of  the  compressor  to  occur  at  the  same  time  as  the  maximum 
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turning  effort  of  the  horizontal  engine,  and  thereby  permits  a  smaller 
flywheel  than  would  otherwise  be  needed.  A  regular  crosshead  is  used, 
but  the  stuffing  box,  being  subjected  to  suction  pressure  only,  need  not 
be  as  long  as  is  required  for  the  double-acting  machine.  This  stuffing- 
box  packing  has  hard  usage,  and  as  it  is  very  hard  to  keep  the 
operating  conditions  constant,  and  as  the  packing  is  hkely  to  become 
frozen  from  time  to  time  when  liquid  ammonia  returns  with  the  suction 
back  to  the  compressor,  the  liquid  is  likely  to  run  down  the  rod.  Ihe 
materials  used  in  the  cylinders  are  close-grained,  high-grade,  cast  iron, 
but  the  fran:e  and  the  remainder  of  the  machine  are  usually  of  ordinary 
material. 

Oil  separator  and 
oil  storage 


Oil  strainer  Oil  pump  suction 

Fig.  18. — The  Stearns  Ammonia  Compressor. 


The  Enclosed  Compressor. — The  enclosed  crankcase  compressor 
(Figs.  15,  16,  18)  lends  itself  best  to  high  speed,  or  moderate  speeds  in 
the  larger  sizes,  to  automatic  operation  and  to  decreased  loss  of  am- 
monia. It  has  been  popular  in  the  smaller  sizes,  say  from  the  3"  X  3" 
to  the  9"  X  9"  but  now  the  enclosed  compressor  is  found  in  sizes  up  to 
18"  X  20".  The  feature  tending  to  decrease  the  loss  of  ammonia  is 
the  fact  that  the  packing  and  the  rod  are  kept  at  nearly  constant  temper- 
ature and  that  the  rod  has  rotation  and  not  translation.  A  scored  rod 
need  not  leak  under  conditions  of  rotation. 

The  cylinder  construction  as  regards  materials,  heat  treatment  and 
machine  work  is  practically  the  same  as  for  the  high-speed  horizontal 
compressor.     The  cylinder  is  of  semi-steel  and  the  crankcase  and  the 


CLEARANCE 


31 


cylinder  are  sand-blasted  and  acid-dipped  in  order  to  remove  any 
surface  sand.  The  piston  is  known  as  the  double  trunk  pattern  as  it 
acts  in  the  capacity  of  a  crosshead,  and  takes  the  side  thrust  due  to  the 
obliquity  of  the  connecting  rod,  as  well  as  performing  the  ordinary 
function  of  the  piston.  The  piston  in  the  smaller  sizes,  up  to  the 
9"  X  9"  size,  usually  has  only  one  balanced  suction  valve  in  the  piston, 
but  the  larger  sizes  have  three  or  more  such  valves.  The  discharge 
valves,  usually  of  the  modified  plate  or  the  poppet  type  of  valve,  may  l^e 
three  or  more  in  number. 

Unusual  care  is  necessary  m  the  design  and  the  construction  of  this 
type  of  compressor.  It  is  subjected 
to  very  heavy  forces.  The  machine 
work  in  the  cjdinder  and  the  crank- 
case  must  be  excellent,  and  heat 
treatment  usually  is  necessary  in 
order  to  prevent  warping  of  the 
casting  after  the  finishing  cuts  are 
made,  a  consideration  that  is  even 
more  important  where  three  or 
more  cylinders  are  used  (Fig.  19). 
The  crankshaft  needs  to  be  very 
massive  and  of  the  best  material, 
particularly  when  wear  on  the  part 
of  the  center  bearings  means  a 
much  longer  span  than  the  differ- 
ence between  cylinders.  The  York 
Manufacturing  Company  specified 
open  hearth  steel  forgings  of 
75,000  lb.  per  square  inch  ultimate 
tensile    strength,     and    an    elastic 

hmit  of  40,000  lb.  per  square  inch  for  both  crankshaft  and  connecting 
rods. 

Clearance. — The  feehng  has  prevailed  for  years  that  clearance,  in 
an  ammonia  compressor  particularly,  is  a  very  bad  thing,  and  for  some 
time  past  an  attempt  has  been  made  to  reduce  the  clearance  as  much  as 
possible.  It  is  now  understood  that  clearance  will  reduce  the  capacity 
of  the  refrigerating  machine,  since  the  gas  in  the  clearance  volume  will 
expand  at  the  beginning  of  the  suction  stroke  until  the  pressure,  having 
finally  been  reduced  in  the  cylinder  to  an  amount  equal  to  or  less  than  the 
pressure  in  the  suction  bends,  will  cause  the  gas  to  enter  the  cylinder  and 
the  new  effective  suction  stroke  will  begin.  The  work  performed  in  the 
compression  of  the  gas  in  the  clearance  volume  is  very  nearly  all  returned 


Fig.  19. — The  Stearns  Compressor. 
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in  the  expansion  taking  place  at  the  beginning  of  the  suction  stroke. 
The  loss  of  capacity,  however,  is  a  real  one  and  may  reach  a  large  amount, 
depending  on  the  range  of  the  pressure  and  the  clearance  in  the  cylinder 
in  per  cent  of  the  piston  displacement.  It  so  happens  that  certain 
forms  of  valves  make  it  necessary  to  use  some  4  or  more  per  cent  of 
clearance,  but  in  such  cases  the  usual  procedure  is  to  increase  the 
diameter  slightly  in  order  to  compensate  for  the  loss  of  capacity. 

Volumetric  Efficiency. — In  refrigeration,  when  the  volumetric  effi- 
ciency is  spoken  of,  reference  is  not  being  made  to  the  apiMrcnf^  volu- 


Water 
overflow 

V 


Water  overflow 


Fig.  20. — The  York  Ammonia  Compressor. 


metric  efficiency  which  is  caused  by  the  clearance,  but  to  the  real  volu- 
metric efficiency.     This  is  in  reality  a  quantity  obtained  by  dividing 

2  The  apparent  volumetric  efficiency  may  be  found  from  the  following  values, 
using  the  quantities  given  in  Fig.  21. 


V,  =  Vj,  +  Vc 


V 


Pi 

Fi  =  Fp  +  mVp 


and  let         —  =  m 
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=  F 


\  -\-  m  —  m 
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The  volumetric  efficiency  is  the    ratio    T'l  -^Vp  =  \-\-m  —  m 


'1/ 


where    n 


for  an  adiabatic  process  with  ammonia  is  about  1.3,  but  for  usual  expansion  and 
compression  it  is  better  to  take  the  value  as  1.28. 
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the  actual  weight  of  the  gas  pumped  multiphed  by  the  specific  volume 
of  the  saturated  gas  at  the  suction  pressure  by  the  piston  displacement. 
The  real  volumetric  efficiency  takes  into  account  the  superheating  of 
the  suction  gas  due  to  the  effects  of  the  cylinder  walls,  piston,  valves, 
etc.,  which  are  always  at  some  temperature  intermediate  between  the 
temperature  of  the  discharge  and  the  suction  gas.  This  effect  of  the 
cylinder  walls  cannot  be  shown  on  the  indicator  diagram.  Its  value 
for  ammonia  and  carbon  dioxide  is  shown  in  Figs.  22  and  23.  The 
superheating  of  the  suction  gas  is  an  absolute  loss,  both  as  regards  the 
work  done  on  the  gas  and  the  capacity  of  the  compressor.  The  uniflow 
principle  of  compressor  design,  and  the  use  of  stage  compression  are 
the  best  means  of  reducing  this  loss. 

Speed  of  the  Compressor. — For  considerable  time  the  piston  speed 
has  been  limited  to  about  400  ft.  per  minute,  but  this  limitation  has 
not  been  general,  since, 
for  example,  in  air  com- 
pression a  speed  of  600 
ft.  per  minute  has  been 
used  with  success,  and 
steam  and  gas  engine 
practice  has  permitted 
800  ft.  per  minute.  The 
limit  of  the  piston  speed 
had  been  nothing  more 
than  the  ability  to  lubri- 
cate properly  both  the 
piston  and  the  cyhnder 
walls. 

The  rotative  speed,  however,  is  another  matter,  as  the  number  of 
strokes  determines  the  number  of  times  the  valves  have  to  open  and 
close  per  minute.  In  order  to  increase  the  rotative  speed  the  compressor 
needs  to  have  a  light  weight  valve  and  one  that  has  a  liberal  net  opening 
for  the  passage  of  the  gas.  As  the  number  of  revolutions  per  minute 
increases,  the  amount  of  the  valve  lift  has  to  diminish,  or  pounding  of 
the  valve  will  be  the  result.  The  outcome  of  these  factors  has  been  the 
almost  universal  use  of  the  plate,  the  ring  plate  or  the  ribbon  valve. 
With  the  exception  of  the  sleeve  valve  compressor  (Fig.  47),  mechani- 
cally operated  valves  are  never  used  in  refrigeration,  but  two  types  of 
"inertia"  valves  are  used:  the  balanced  piston  valve  used  in  the 
vertical  single-acting  coijipressor,  and  the  special  suction  valve  of  the 
ring-plate  type  used  by  the  Arctic  Ice  ]\Iachine  Company  in  their 
horizontal  double-single-acting  compressors. 


<V, 


Volume 
Fig.  21. — Indicator  Card. 
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Fig.  22. — Volumetric  Efficiency  of  Ammonia  Compressors. 
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The  Water  Jacket. — The  effect  of  the  water  jacket  for  ammonia 
compressors  has  been  given  considerable  attention,  although  until  1921 
it  was  a  matter  of  controversy  between  manufacturers  and  theorists. 
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Fig.  23. — Volumetric  Efficiency  of  Carbonic  Compressors. 


Fig.  24. — Lubrication;   the  Horizontal  Compressor. 

The  accepted  opinion  has  been  that  the  water  jacket  is  of  little  value 
as  regards  its  effect  on  the  compression  line,  but  that  its  advantage  is 
mainly  in  reducing  the  discharge  gas  temperature  and  in  preventing  the 
overheating  of  the  compressor  cylinder. 
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Because  of  the  fact  that  the  suction  gas  enters  at  a  temperature 
much  lower  than  that  of  the  jacket  water,  the  water  jacket  is  designed 
sUghtly  different  from  that  in  the  air  compressor.  The  vertical  single- 
acting  ammonia  compressor  is  water  jacketed  the  last  third  of  the  stroke, 
whereas  the  horizontal  double-acting  compressor  is  jacketed  frequently 
only  at  the  heads  and  the  ports.  The  carbonic  compressor  usually 
has  not  been  jacketed  at  all  because  of  the  comparatively  small  amount 
of  rise  of  temperature;  and  the  majority  of  the  fractional  tonnage  com- 
pressors, using  sulphur  dioxide  or 
methyl  chloride,  are  designed  for 
air  cooKng. 

The  most  complete  tests  on  the 
effect  of  water  jackets  are  those 
of  Walter  Fisher.^  These  tests 
show  the  relative  effect  on  the 
compressor  with  and  without  the 
water  jacket.  For  example  it  is 
shown  that  the  real  volumetric 
efficiency  is  increased  from  about 
1.5  to  4.0  per  cent  by  having  the 
water  jacket. 

Lubrication. — With  the  changes 
in  design  have  come  radical  changes 
in  the  manner  of  lubrication. 
With  the  horizontal  and  the  semi- 
enclosed  vertical  compressor  the 
design  has  developed  into  an  auto- 
matic forced  feed  system  for  each 
surface  and  bearing,  embodying  also 
the  oil  filter  system  (except  for  cylinder  lubrication)  in  order  to  keep  the 
oil  in  good  condition.  As  the  speed  of  the  compressor  increases,  the 
need  of  a  positive,  correct  method  of  lubrication  is  very  evident.  In  the 
case  of  the  crosshead  pin  the  lubrication  is  frequently  obtained  by 
running  the  oil  pipe  along  the  connecting  rod  (Fig.  24)  in  some  suitable 
manner  from  the  crankshaft,  or  by  drilhng  along  the  entire  length  of 
the  rod  as  shown  in  Fig.  18. 

The  enclosed  type  of  single-acting  vertical  compressor  has  been 
lubricated  only  by  the  splash  method  (Fig.  25)  and  this  means  is  still 
used  in  the  smaller  compressors.  In  the  splash  system  of  lubrication 
the  oil  in  the  crankcase  is  splashed  at  each  revolution  of  the  crank. 

3  Walther  Fisher — Der  Einfluss  des  Kuhlwassermantels  an  Kompressions- 
Kiiltemaschinen — Verein  deutsche  Ingeniere,  1921. 


Fig.  25. — Lubrication;    the  Vertical  En- 
closed Compressor  of  25  Tons  and  Less. 
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The  splash  method  of  hibrication  is  excellent  for  certain  conditions, 
and  it  is  the  cheapest  of  all  methods  used  for  continuous  work.  There 
are  two  objections  to  its  use.  The  first  objection  is  that  at  the  higher 
speeds  the  lubrication  may  not  be  positive  enough  because  cavitation 
results  in  an  inefficient  formation  of  the  splash  with  the  result  that 
lubrication  may  be  poor  or  even  a  failure.  The  second  objection  is 
that  lubrication  depends  on  the  continuous  presence  of  oil  in  the  crank- 
case.     Certain  operating  conditions  assist  in  the  loss  of  this  oil  through 


Fig.  26. — Lubrication;   the  Vertical,  Open  Frame,  Compressor. 


the  piston  into  the  oil  separator,  leaving  the  crankcase  with  insufficient 
oil.  There  is  also  the  possibility  of  pumping  oil  during  normal  opera- 
tion, but  this  danger  is  lessened  by  care  in  the  design  of  the  rings  in 
the  piston. 

The  result  of  this  lack  of  positive  lubrication  has  resulted  in  the 
design  of  the  forced  feed  type  of  pump  lubricator,  use  being  made  of 
the  oil  filter  and  (usually)  a  spy  glass  in  the  pipe  line  to  the  several 
bearings.  Figure  15  shows  this  type  of  lubrication  design  as  applied 
to  the  smaller  capacity  of  compressor,  say  from  2  to  12  tons  of  refrigera- 
tion and  designed  for  speeds  varjang  from  530  r.p.m.  at  2  tons  to  400 
r.p.m.  at  12  tons.  This  design  lacks  the  filter  and  the  sight  feed  and  is 
entirely  within  the  crankcase,  but  the  action  may  be  made  positive, 
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Fig.  27. — Lubrication;   the  Large,  Enclosed-type,  Ammonia  Compressor. 


except  for  clogging,  bj'  the  use  of  some  form  of  rotary  pump  and  by 

having  no  suction  lift  to  the 
pump  itself.  Figure  27  shows  a 
design  typical  of  the  more  elabo- 
rate method  of  lubrication,  such 
as  would  be  found  in  the  larger 
compressors,  one  which  has  a 
nozzle  de\dce  for  spraying  the 
cylinder,  provided  with  a  nozzle 
clearer,  to  be  used  at  regular 
intervals  to  prevent  the  clogging 
of  the  nozzle,  and  a  separate  pipe 
line  for  the  oil  to  every  impor- 
tant bearing.  Figure  26  shows 
the  method  used  in  the  vertical 
open-frame  compressor. 

Number  of   Cylinders. — The 
use  of  multiple  cylinders  has  been 

restricted  in  the  United  States  to  two  in  number  as  a  rule,  although  the 
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three-cjlinder  compressor  has  been  built  to  a  limited  extent.  This  is 
apparently  a  contradiction  of  the  practice  in  Europe  and  particularly  in 
Great  Britain,  where  they  are  pushing  the  type  using  the  three-  and 
the  four-cylinder  design  of  compressor  especially  in  the  larger  sizes,  as 
shown  by  Fig.  18.  In  Great  Britain  the  tendency  appears  to  be  for 
increase  of  the  capacity  of  the  compressor  by  adding  cylinders,  but  in 
the  enclosed  design  onl}^  and  not  the  open  frame  semi-enclosed  type  of 
single-acting  vertical  compressor— the  latter  being  distinctively  an 
American  design.  There  is  another  advantage  in  the  use  of  multiple 
cyUnders  from  the  viewpoint  of  balance.  With  one  or  two  cylinders 
no  amount  of  counterbalance  will  entirely  balance  the  effect  of  reciproca- 
tion whereas  the  three-  or  four-cylinder  machine-  (Figs.  18,  19,  28)  may 
be  entirely  balanced  except  for  a  moment  which  will  need  to  be  carried 
by  the  bed  plate  or  the  foundation.  It  would  seem  then  that  if  the 
compressor  speed  is  to  be  increased  decidedly,  there  will  be  an  advantage 
in  the  use  of  three  cylinders  on  the  same  crankshaft. 

Theoretical  Displacement  of  the  Compressor. — The  theoretical  dis- 
placement of  the  compressor  may  be  found  in  the  following  manner: 

The  refrigerating  effect  of  the  volatile  liquid  per  1.0  lb.  of  refrigerant 
is  {I'z  —  i\)  (Fig.  1).  The  piston  displacement  per  ton  of  refrigeration 
per  minute 

P.D.  =  „-20V  X  V"'3, 

I    3   —    I  I 

where  Vs"  is  the  specific  volume  of  saturated  ammonia  (or  refrigerant) 
at  the  pressure  3.  If  the  real  volumetric  efficiency  of  the  compressor 
(expressed  as  a  decimal)  is  Es,  then  the  total  required  piston  displace- 
ment becomes 

P.D.  =  ^,^^  X  l'"3  -  E, 

t    3   —   I  i 

assuming  tight  valves,  rings  and  no  clearance.  If  E^  is  the  volumetric 
efficiency  due  to  clearance  only,  then  the  piston  displacement  required 
with  clearance  is, 

PD  =_^oo_     _r:3_ 


There  is   no   reliable   method   of   calculating  the   real   volumetric 
efficiency  although  the  formula  ^^  =  1  —  where  {U  —  h)  is  the 

rise  of  temperature  during  the  compression  stroke  has  been  proposed 
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as  an  empirical  formula  based  on  tests  conducted  by  the  York  Manu- 
facturing Co.  (1903)  and  gives  approximate  results.  The  temperature 
at  the  point  4  can  be  found  from  the  thermodynamic  equation  for 
exponential  processes  (Chapter  I) : 

n-l 

where  the  temperatures  are  absolute  and  /&  =  Tb  —  460. 

Figures  29  and  30  have  been  calculated,  using  the  equations  for 
volumetric  efficiency  and  piston  displacement. 

Horse  Power  per  Ton  of  Refrigeration.— The  horse  power  per  ton 
of  refrigeration  is  a  very  important  quantity,  and  the  theoretical  value 
may  be  found  in  the  following  manner: 

The  work  during  any  exponential  compression  cycle  is: 


W  =  -pivi 

n  —  1 


where  n  is  taken  as  approximately  1.28  for  ammonia,  and  for  carbon 
dioxide,  and  pi  and  p2  are  the  absolute  pressures  at  the  beginning  and 
the  end  of  compression  in  pounds  per  square  foot  and  vi  is  the  volume 
in  cubic  feet  at  the  beginning  of  compression.  If  v\  is  taken  in  the 
formula  as  the  volume  of  the  piston  displacement  per  ton  of  refrigeration 
per  minute,  and  the  result  is  divided  by  33,000,  the  final  result  is  the 
horse  power  per  ton  of  refrigeration.  For  ammonia  and  carbon  dioxide, 
and  several  other  refrigerants,  there  is  also  the  P-I  diagram  (Fig.  164, 
etc.)  from  which  it  is  possible  to  get  the  work  of  compression  per  one 
pound  of  the  refrigerant,  by  reading  the  value  of  the  thermal  potential 
/  at  the  two  points  corresponding  to  the  beginning  and  the  end  of 
compression.  The  theoretical  indicated  horse  power  (i.hp.)  can  then 
be  found  by  multiplying  by  a  suitable  constant  and  by  the  number 
of  pounds  of  refrigerant  required  per  ton  of  refrigeration  per  minute. 
The  formula  becomes 

i.hp.  =  ^77 ^  X  ^^7^7^  X  (:4  -  «3)  =  4.713h77 77-  ] 

I  3  —  ^1        33,000  \?  3  —  I  1/ 

where  h"  —  ii  is  the  net  refrigeration  per  1.0  lb.  of  refrigerant. 

Figures  31  and  32  give  values  for  the  horse  power  per  ton  of  refrigera- 
tion for  ammonia  and  carbon  dioxide  compressors. 
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The  use  of  carbonic  refrigeration  is  increasing  in  the  United  States 
but  not  in  proportion  to  the  amount  of  new  tonnage  sold.  Contrary 
to  the  conditions  in  Great  Britain,  where  carbonic  refrigeration  is 
required  by  law  under  specific  conditions,  carbonic  refrigeration  is 
making  gains  in  the  United  States  practically  on  its  own  merits.  It  is 
a  real  safety  refrigerant,  and  as  such  is  particularly  advantageous  for 
use  in  theaters,  hotels,  apartment  houses  and  other  places  where  the 
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pubhc  is  exposed,  and  the  risk  due  to  panics  might  be  a  positive  danger. 
A  small  amount  (even  a  trace)  of  ammonia  in  the  air  is  a  menace, 
whereas  it  has  been  demonstrated  that  carbon  dioxide  in  large  quantities 
is  not  injurious  except  in  that  it  excludes  oxygen,  a  condition  that 
might  finally  cause  suffocation. 

Carbonic  refrigeration  has  suffered  because  of  an  improper  under- 
standing of  the  refrigerant.  As  the  critical  temperature  is  88.0  deg.  F. 
(corresponding  to  a  pressure  of  1072  lb.  per  square  inch)  it  is  evident 
that  temperatures  of  the  condensing  water  of  80  deg.  F.  and  over,  mean 
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that  the  refrigerant  is  not  condensed,  but  that  does  not  mean  that  no 
refrigeration  is  possible  under  these  conditions.  It  means  only  that 
less  useful  refrigeration  is  possible  per  pound  in  the  same  manner  that 
less  refrigeration  is  possible  when  a  hot  liquid  passes  the  expansion 
valve  in  ammonia  compressors  than  would  be  the  case  with  a  cold 
liquid.  It  seldom  occurs  that  the  quality  {x)  of  the  gas  after  the  expan- 
sion valve  even  under  these  extreme  conditions  is  less  than  0.5,  as  is 
seen  on  referring  to  the  P-I  diagram  for  CO2  (Fig.  164). 

There  is  another  factor  antagonistic  to  the  increased  use  of  carbonic 
machines.  The  pressures  involved  are  heavy,  varying  from  1000  to 
1200  lb.  or  more  on  the  high-pressure  side  and  from  30C  to  600  lb.  per 
square  inch  on  the  low-pressure  side.  Losses  of  gas  to  the  atmosphere 
have  been  excessive,  and  leaks  past  the  valves,  piston  rings,  etc.,  have 
been  very  high  even  with  new  machines.  It  appears  then  that  a  suc- 
cessful carbon  dioxide  compressor  and  system  must  be  properly  designed, 
and  the  materials  entering  into  its  construction  and  the  icorkmanship 
must  be  satisfactory.  Fortunately  autogenous  welding  has  become  so 
common  and  rehable,  especially  for  small  pipe  work,  that  fittings  can 
be  eliminated  to  a  large  extent,  and  the  gas  losses  can  be  reduced  accord- 
ingly. This  is  becoming  true  in  the  United  States  for  the  double-pipe 
condenser  (Fig.  66),  the  low-pressure  piping  and  to  some  extent  the 
high-pressure  part  of  the  system. 

Design. — Carbonic  compressor  cylinders  are  made  of  semi-steel 
(instead  of  steel  forgings  as  formerly)  cast  solid  and  bored  out  for  the 
cyhnder  bore,  the  ports  and  valve  cages.  As  a  rule  the  cylinder,  crank- 
end  cyhnder  head  and  the  stuffing  box  are  made  of  a  single  casting, 
thereb}^  permitting  better  alignment,  and  eliminating  one  joint  and 
the  source  of  another  probable  leak.  The  head  cylinder  cover  is  held 
in  place  by  studs  or  through  bolts.  The  remainder  of  the  construction 
is  very  much  like  the  design  for  ammonia  compressors,  as  regards  con- 
struction of  the  piston  rod,  connecting  rod,  crosshead,  etc.  For  example, 
the  piston  rods,  connecting  rods  and  crankshaft  are  of  forged  steel,  the 
piston  rod  being  hardened  and  ground  to  size.  The  crosshead  is  of 
semi-steel  and  the  pin  is  of  steel  hardened  and  ground.  The  brasses 
are  of  phosphor-bronze  and  are  made  adjustable.     Because  of  the  small 

ratio  of  the  condenser  to  the  suction  pressure  ( —  j  the  discharge  gas  is 

not  high  in  temperature  and  water  jackets  for  the  cylinder  are  never 
used,  but  on  account  of  the  very  heavy  discharge  pressure,  and  the 
desire  to  keep  the  so-called  hoop  tension  in  the  cylinder  as  low  as  practi- 
cal— the  cylinder  diameter  is  kept  as  small  as  possible.  The  necessary 
piston  displacement  of  the  compressor  is  obtained  by  making  the  stroke 
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long  in  proportion  to  the  piston  diameter,  tlie  ratio  being  from  3^  to  4, 
or  more  than  twice  the  ratio  usually  found  in  similar  ammonia  compres- 
sors. Except  for  marine  and  some  small  enclosed  machines  the  com- 
pressor is  of  the  horizontal,  double-acting  type,  using  metallic  packing 
and  the  same  design  of  lantern  as  in  ammonia  compressors.  Also, 
because  of  the  small  ratio  of  pressures,  clearance  does  not  affect  the 
capacity  as  much  as  it  would  in  the  case  of  ammonia,  and  the  capacity 
is  not  reduced  very  much  by  wire  drawing  in  the  suction  because  of  the 
usual  high  suction  pressures  of  300  to  450  lb.  In  consequence  a  drop 
of  5  lb.  due  to  friction  would  not  be  as  serious  as  would  an  equal  drop  in 
the  case  of  ammonia  with  a  suction  pressure  of  15  lb.  gage.  The 
valves  nmy  be  poppet  valves  in  45-degree  seats,  or  they  may  be  ring 
plate  valves,  in  which  case,  the  disc  is  frequently  made  of  chrome  vana- 
dium steel,  and  the  lift  is  limited  to  as  little  as  j^  in. 

Although  the  ratio  of  the  condenser  to  the  suction  pressure  is  not 
great,  being  but  seldom  more  than  1  : 4,  yet  the  differential  pressure  is 
very  heavy — being  from  900  to  1000  lb.  The  cyUnder  and  the  piston 
should  be  ground  carefully  to  a  true  surface  and  the  cylinder  should  be 
lapped  out.  The  piston  is  supplied  with  cast  iron  or  semi-steel  snap 
rings  which  may  be  3,  4,  5,  or  6  in  number.  The  H.  J.  West  design  of 
vertical  enclosed  type  of  compressor  which  is  designed  for  rotative 
speeds  of  400  to  500  r.p.m.  has  7  snap  rings  in  addition  to  2  scrapper 
rings  placed  on  the  crosshead  part  of  the  trunk  piston.  The  tolerance 
for  cylinder  bore  is  0.002  in.  for  diameter  and  parallel  to  0.001  in.  per 
foot  of  length.  The  piston  diameter  is  specified  to  be  at  least  0.0005  in. 
per  inch  of  diameter  less  than  the  nominal  diameter  of  the  piston,  but 
in  no  case  is  the  difference  between  the  cylinder  diameter  and  the 
diameter  of  the  piston  to  be  less  than  0.0007  in.  per  inch  of  diameter, 
nor  more  than  0.0015  in.  per  inch  of  diameter.  It  is  made  round  and 
parallel  within  the  limits  of  0.001  in.  The  piston  rod  is  round  within 
the  hniits  of  0.002  in.  and  parallel  within  the  limits  of  0.003  in.  The 
total  clearance  between  the  piston  head  and  the  ends  of  the  cylinder  is 
about  ^  in.  The  entire  system  is  designed  to  ])e  tight  under  a  pressure  of 
3000  11).  per  square  inch  of  water  and  13501b.  air  pressure  under  water. 

The  stuffiing  box  is  still  designed  to  use  leather  cups  and  other  soft 
packing  combined  with  brass  boxes  and  washers  or  other  forms  of 
distance  pieces,  but  this  design  is  giving  way  to  metalhc  packing.  When 
the  soft  packing  is  used,  oil  is  fed  into  the  lantern  at  a  pressure  greater 
than  the  gas  pressure  in  the  gland  and  the  stuffing  box  is  well  supplied 
with  oil  so  that  the  surplus  works  along  the  rod  and  into  the  cylinder, 
lubricating  the  piston  in  the  cylinder.  Metallic  packing  is  usually 
freer  from  leaks  provided  the  rod  is  turned  true  and  is  centrally  located 
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in  the  machine.     There  is  less  danger  of  burning  the  packing  than  in 
the  case  of  the  leather  cups. 

The  carbonic  compressor  has  two  factors  influencing  its  capacity, 
one  of  which,  the  leakage  factor,  has  been  discussed  already.  Leaks 
past  the  valves  and  the  piston  are  reduced  to  a  minimum  by  the  use 
of  good  material  and  design  and  very  careful  machine  work.  The 
second  factor  is  the  large  value  of  the  thermal  potential  (i)  of  the 
liquid  and  the  relatively  low  value  of  the  latent  heat  of  vaporization. 
Referring  again  to  the  P-I  diagram  (Fig.  164),  it  will  be  seen  that  the 
value  of  "x"  is  quite  large  even  for  a  nominal  range  between  the  suc- 
tion and  the  condenser  pressures.  The  result  is  that  whereas  the  power 
requirement  would  be  the  same  for  all  refrigerants  if  the  liquid  is  cooled 
down  first  to  the  temperature  of  the  evaporator,  yet,  as  a  matter  of  fact, 
there  are  large  variations.  Tests  reported  by  Professor  Carl  Linde^ 
showed,  with  72  deg.  F.  condenser  temperature  and  15  degrees  brine, 
that  the  carbonic  machine  was  only  equal  to  82  per  cent  of  the  coeffi- 
cient of  performance  of  an  ammonia  machine  operating  under  similar 
conditions,  and  if  the  condenser  temperature  was  increased  to  95  degrees 
the  coefficient  of  performance  dropped  off  to  50  per  cent.  Willcox  and 
Hodgdon  showed^  that  the  brake  horse  power  per  ton  of  refrigeration 
(i.hp.  plus  ten  per  cent)  with  —  10  deg.  F.  evaporating  temperature  of 
the  liquid  carbon  dioxide  was  1.67  with  55  deg.  F.  liquid  CO2  at  the 
expansion  valve,  2.0  with  65  degrees,  2.39  with  75  degrees,  2.85  with 
85  degrees  and  3.44  b.hp.  with  95  degree  ''liquid"  at  the  expansion 
valve  per  ton  of  refrigeration.  These  values  are  considerably  higher 
than  would  be  required  with  ammonia.  The  natural  consequence  is 
that  ammonia  is  used  to  the  exclusion  of  carbon  dioxide  in  all  large  cold- 
storage  warehouses  or  in  ice  plants  where  the  unit  power  costs — the  cost 
of  power  per  ton  of  refrigeration  per  24  hours — or  the  power  required 
per  ton  of  ice  delivered  on  the  platform — is  an  important  factor.  On 
the  other  hand,  some  hotels  make  their  own  ice,  with  the  refrigerating 
plant  installed  for  cooling  drinking  water,  and  for  Idtchen  and  storage 
boxes.  Therefore  carbonic  compressors  are  frequently  used  for  this 
kind  of  installation,  even  though  the  cost  of  making  the  ice  is  greater 
than  it  would  be  with  ammonia  as  the  refrigerant.  Figs.  23,  30  and  32 
give  an  idea  of  the  volumetric  efficiency,  the  cubic  feet  of  piston  dis- 
placement per  minute  per  ton,  and  the  brake  horse  power  per  ton  of 
refrigeration.  Fear  of  ammonia  is  so  great  with  certain  individuals 
that  carbonic  compressors  are  becoming  more  popular  in  America  and 
without  doubt  improved  design  will  make  them  even  more  so.     Installa- 

^  Zeitschrift  fiir  die  Gesammte  Kalte-Industrie,  Jan.  2S,  1895. 

5  Willcox  and  Hodgdon,  Cold  Storage  and  Ice  Association,  Jan.  27,  1914. 
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fcions  are  being  made  even  in  Florida  and  the  Gulf  States,  though  the 
cooling  water  necessary  for  this  type  of  machine  is  of  a  temperature  that 
would  seem  prohibitive  in  such  latitudes. 
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Fig.  32.— Horse  power  per  Ton  of  Refrigeration  for  Carbonic  Compressors. 

The  carbonic  compressor  has  been  used  for  many  years  in  the  mer- 
chant marine  to  the  exclusion  of  all  others,  on  account  of  the  Under- 
writers' rules.     Lately,  however,  there  has  been  a  tendency  for  the  use 


Gas  inlet 


Fig.  33. — The  Carbonic  Compressor. 

of  ammonia  compressors  located  outside  the  main  engine  room  and 
preferably  convenient  to  the  deck,  especially  if  the  size  of  the  installation 
warrants  the  employment  of  a  refrigerating  engineer.     In  the  smaller 
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sizes,  where  the  regular  watch  engineer  has  to  operate  the  refrigerating 
machine  also,  the  installation  has  to  be  in  the  main  engine  room.  Where 
ammonia  compressors  are  used  on  shipboard  wrought  iron  and  steel 
condensers  have  to  be  selected,  in  which  case  corrosion  is  more  rapid 
than  would  be  the  case  of  copper  condensers  which  are  employed  so 
extensively  for  carbonic  installations. 

The  carbon  dioxide  compressor  can  produce  low  temperatures  with 
considerable  ease  and  in  Great  Britain  they  have  been  built  in  two 
stages  for  that  purpose.     According  to  G.  W.  Daniels,*^  a  battery  of  4 


J&'-J^^a; 


Fig.  34. — The  Carbonic  Compressor. 


2-stage  carbonic  compressors  operating  at  —  58  deg.  F.  has  been  very 
successful.  Figures  33  to  35  inclusive  show  representative  carbonic 
compressors  and  Fig.  36  gives  results  of  tests  on  a  small  marine  type  car- 
bonic compressor. 

The  Sulphur  Dioxide  Compressor. — The  compressor  using  sulphur 
dioxide  as  a  refrigerant  has  not  been  used  to  any  extent  in  the  United 
States  except  in  the  case  of  household  machines,  although  numerous 
attempts  have  been  made  to  establish  its  use.  This  fact  is  somewhat 
surprising  when  one  recollects  that  in  Germany  alone  there  are  17  firms 
listed  as  building  SO2  machines,  including  A.  Borsig,  Quire  and  Co., 
Gesellschaft  fiir  Lindes  Eismaschinen,  Maschinenbau-Anstealt  Humbolt, 
etc.,  built  in  capacities  up  to  320,000  cal.  per  hour  or  about  106  tons  of 

6  G.  W.  Daniels,  Refrigeration  in  the  Chemical  Industry.     A.  J.  Rayment,  1925. 
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refrigeration,  as  compared  with  27  German  firms  building  ammonia 
and  29  building  carbonic  compressors.  In  a  letter  in  the  May,  1925,  issue 
of  Cold  Storage,  W.  S.  Douglas  of  Wm.  Douglas  &  Sons  says  that  90 
per  cent  of  all  SO2  refrigerators  operate  at  a  brine  temperature  of  15  to 
25  deg.  F.  He  says  the  use  of  SO2  as  a  refrigerant  is  increasing  steadily 
and,  in  his  opinion,  this  is  the  best  refrigerant  for  small  machines  on 
account  of  the  low  pressure,  the  lubricating  properties  and  the  ease  in 
handling. 


.fTi.— -m 


Fig.  35. — The  Enclosed  Type  Carbonic  Compressor. 


The  sulphur  dioxide  compressor  requires  some  2.5  times  the  piston 
displacement  of  the  ammonia  compressor,  and  the  design  of  the  German 
compressors  very  closely  resembles  that  for  ammonia.  Because  of  the 
larger  volume  of  the  gas  handled,  and  the  relatively  low  unit  pressures 
the  valve  is  likely  to  be  of  the  flap  (Gutermuth)  type  as  used  in  the 
larger  machines  of  the  A.  Borsig  design  or  of  the  modified  plate-valve 
type.  As  sulphur  dioxide  is  corrosive  when  any  moisture  is  present 
the  tendency  is  to  restrict  the  amount  of  evaporator  surface  as  much  as 
possible,  and  in  consequence  the  direct  expansion  system  is  not  popular 
but  a  self-contained  brine  sj^stem  is  more  Hkely  to  be  used.  In  the  United 
States  it  seems  now  very  unhkely  that  sulphur  dioxide  will  be  used  to 
any  extent  except  in  small  machines  of  the  household  or  the  |^-ton  or 
the  so-called  ice  cream  cabinet  size  or  in  the  case  of  the  AS  (dumb-bell) 
(Fig.  37  and  Table  2)  compressor.     In  this  compressor  the  casing  is 
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hermetically  sealed  and  cannot  be  opened  for  repairs  except  at  the 
factory.  Also,  except  in  the  small  sized  compressor,  sulphur  dioxide  has 
practically  nothing  in  its  favor,  and  it  is  more  than  likely  that  it  will  be 
abandoned  in  favor  of  methyl  chloride,  butane  or  some  other  low- 
pressure  refrigerant.     All  of  these  have  the  advantages,   except  for 

self-lubrication,  and 
none  of  the  disad- 
vantages of  sulphur 
dioxide,  although  it 
is  true  that  sulphur 
dioxide  (SO2)  leaks, 
l^eing  easily  detect- 
ed, can  be  easily 
remedied. 

The  Rotary  Com- 
pressor. —  The  ro- 
tary compressor  is 
the  ultimate  goal 
of  many  engineers 
as  it  will  permit 
high  rotative  speeds 
and  therefore  direct 
connection  to  a 
cheap  type  of  elec- 
tric motor.  The 
piston  displacement 
per  ton  of  refrigera- 
tion need  not  cause 
any  concern  as  the 
displacement  is 
easily  cared  for  in 
such  a  design,  and 
the  refrigerant  may 
be  chosen  that  is 
best  suited  to  rotary  compression  without  regard  to  other  factors. 

The  Blade  Type. — The  most  common  type  of  rotary  is  the  blade 
type  to  operate  eccentric  in  the  casing  and  so  arranged  as  to  depend  on 
centrifugal  force  to  keep  the  blade  always  in  contact  with  the  casing. 
Such  a  machine  using  ammonia  has  been  described  by  Roloff,'^  but  no 
such  compressor  has  been  successful.  Other  compressors  (Fig.  38), 
using  ethyl  chloride,  have  been  successful  on  test.  Results  of  these 
7  Roloff,  Transactions  of  the  A.  S.  M.  E.,  1918. 
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tests  reported  by  Herter'*  indicate  that  the  economy  of  operation  is  not 
so  great  as  for  ammonia,  although  it  must  be  remembered  that  the  small 
machine  is  seldom  as  efficient  as  the  larger  one.  His  figures  are  as 
follows : 


Refrigerant  evaporation  temperature, 

degrees  F 30 

20-ton    ammonia    compressor     (horse 

power  per  ton) 1.1 

2-ton  Clothel  compressor  (horse  power 

per  ton) 2.3 

i*g-ton     ^^'i^iams     compressor     (horse 

power  per  ton) , 4.3 


19.9 
1.3 

2.8 
5.8 


2.7 

l.G 

3.3 

11.0 


-9.6 

2.0 

4.4 

22 . 0 
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Pressure  regulating 
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and  starting 


Bearing  journal 

Oscillating  Cylinder 
submerged  in  oil 

Condenser  end  pressure 

within  depends  on 
cooling -water  tenfiperature 


Layer  of  liquid  SOj 

Layer  of  oil  maintained 
by  centrifugal  force 

Float  for  maintaining 
liquid  level 

Bearing  journal 


SOz  charged  through  this 

hole  before  sealing 
Eccentric  revolves  with  shaft 
Suction  passage 
Compressor  discharge  valves 
Lead 

Oil  outlet  to  maintain 
circulation 


Fig.  37. — Audiffcrn-Singrun  Sulphur  Dio.xido  Comjjrossor. 


The  Centrifugal  Compressor. — If  the  centrifugal  compressor  is  used, 
the  design  principle  is  that  of  developing  a  velocity  to  the  gas,  and  then 
by  slowing  up  this  velocity  of  converting  velocity  head  into  pressure 
head.  Such  a  method  has  been  used  to  compress  air  by  the  use  of  a 
very  large  number  of  stages.  For  refrigeration  the  compression  of 
carbon  dioxide  and  ammonia  is  practically  impossible,  but  by  the 
judicious  selection  of  a  heavy  gas  of  low  condensing  pressure  the  same 
end  can  be  reached.  This  has  been  accomplished  by  the  Carrier 
8C.  H.  Herter,  Refrigerating  World,  Sept.,  1922. 
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Fig.  38. — The  Clothel  Rotary  Compressor. 
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Engineering  Company  using  as  a  refrigerant  dichlorethylene  (C2H2CI2) 
which  condenses  at  a  temperature  of  80  deg.  F.  at  a  pressure  of  less 
than  one  atmosphere.     The  compressor  (Fig.  39)  looks  very  much  like 
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an  ordinary  water  centrifugal  pmiip  and  is  designed  for  five,  six  or 
more  stages  and  about  3600  to  4000  r.p.m.  in  some  sizes.  This  type  of 
compressor  appears  to  be  best  suited  to  the  larger  sizes,  say  75  tons  and 
larger,  but  it  may  be  possible  to  build  economically  in  capacities  as 
low  as  20  tons.     Also  the  machine  is  best  suited  to  the  higher  evaporating 
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temperatures  such  as  would  be  found  in  the  cooUng  of  air  for  theaters 
and  public  buildings.^ 

Referring  to  Fig.  39  it  will  be  seen  that  the  total  head  produced, 
the  sum  of  the  velocity  and  static  heads,  is 


U2V2  cos  a2 


hi  =  -^  +  hp  =  

^g  g 

Only  a  part  of  the  velocity  head  is  available  for  the  production  of  static 
pressure,  and  the  usual  method  of  change  from  velocity  to  static  heads 
is  by  means  of  diffuser  blades  of  gradually  increasing  cross-sectional 
area.     The  efficiency  of  the  conversion  is  approximately  70  to  80  per  cent. 
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Fig.  40. — The  Giittner  Pendulum  Compressor. 


The  curves  in  Fig.  39 — taken  from  an  article  by  Willis  Carrier  (Refrig- 
erating Engineering,  Feb.,  192G) — give  some  idea  of  the  displacement, 
tonnage  and  efficiency  of  a  centrifugal  compressor  using  "  dieline  "  as 
a  refrigerant. 

Turbo-Compressors. — In  Germany  9"  the  turbo-compressor  seems  to 
})e  successful  in  the  larger  sizes.  According  to  Heinz  Voight  ammonia 
turbo-compressors  are  only  apphcable  in  capacities  greater  than  300  tons. 
The  number  of  rotors  for  different  refrigerants  with  peripheral  speeds  of 
655  ft.  per  second  are  stated  to  be  as  follows : 

'  Because  the  evaporator  pressure  is  so  low,  a  separate  means  of  continually 
expelling  the  air  leakage  must  be  provided.  The  float  type  of  expansion  valve  is 
used.     The  compressor,  condenser  and  brine  cooler  are  made  self-contained. 

'"Heinz  Voight,  Zeitschrift  des  Vereins  Doutscher  Ingeniere,  Aug.  13,  1927, 
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Number  of  Rotors  Required  for  Different  Mediums  at  Peripheral  Speeds 

OF  655  Ft.  per  Second 


Tcmperaturo  of 

Vaiiorization. 

Deg.  F. 

COo 

NH3 

CH3CI 

SO2 

C4H10 

C2H6CI 

IA2O 

32 

2 

6 

3 

3 

3 

3 

17 

14 

3 

11 

4 

4 

4 

4 

-  4 

4 

15 

5 

5 

5 

5 

-22 

5 

20 

6 

6 

6 

6 

The  guaranteed  power  consumption 
of  a  2000-ton  turbo-compressor  for 
operation  at  5  deg.  F.  evaporation 
and  86  deg.  F.  liquefaction  tempera- 
ture at  a  speed  of  6000  r.p.m.  is 
given  as  2365  b.hp. 

The  Pendulum  Type.— Still  an- 
other type  of  rotary,  for  the  use  of 
ammonia,  is  the  Giittner  compressor  p,      ^j 
(Fig.    40).      This  rotary,   hke    the 
Carrier  centrifugal  design,  does  not 

Steam  inlet 


Jet 
condenser 


Brine  tank  Brine  pump 


Fig.  42. — The  Wcstinghouse-Leblanc  Refrigerating 
Machine. 
"  H.  J.  Macintire,  A.  S.  R.  E.  Journal,  March, 
V.  D.  I.,  1925. 


, — Older  Designs  of  Pendulum 
Compressors. 

have  contact  between  the 
metals  of  the  rotor  and 
the  casing,  but  depends 
on  a  film  of  oil  to  maintain 
tightness  in  the  clearance 
of  about  0.0015  in.  It  is 
built  to  operate  at  800  to 
1500  r.p.m.  in  1.0-ton  sizes, 
but  it  does  not  depend  on 
the  speed  for  the  compres- 
sion as  the  action  is  posi- 
tive. There  is  no  regular 
suction  valve  although  a 
suction  check  valve  is  used, 
but  a  plate  disc  is  em- 
ployed as  a  discharge 
valve.  Tests'*^  indicate 
that  the  volumetric  effi- 
ciency is  high,  but  that 
1925,  Plank,  Krause,  &  Tomm, 


54  THE  COMPRESSOR 

the  horse  power  per  ton,  as  in  many  small  machines,  is  also  high.  The 
older  designs  operating  on  this  principle  are  shown  in  Fig.  41. 

The  Water  Vapor  Refrigerating  Machine.— The  water  vapor  refrig- 
erating machine  (the  Westinghouse-Leblanc)  has  been  proposed  but 
has  not  been  developed  to  any  extent  in  the  United  States.  It  is 
a  "  safety  "  refrigerating  system  but  it  needs  a  high  vacuum  and  is 
limited  to  rather  high  refrigerating  temperatures,  such  as  in  the  case  of 
air  cooling  down  to  50  or  40  deg.  F.  The  high  vacuums  are  best 
obtained  by  means  of  "  water  pistons  "  (Fig.  42)  combined  with  steam 
ejector  nozzles. 

In  the  ejector  type  of  water  vapor  refrigerating  machine  the  under- 
lying principle  is  that  of  a  mass  in  motion  communicating  motion  to 
another  mass.  The  resulting  velocity  of  the  mixture  will  be  expressed 
by  the  relation: 

mv^  mM 


MV^       (m  +  M)2 
M 


If 

then 

y 

tn  /1 7 

=  0.25        0.222  0.187  0.160  0.139 


y=     1  2  3  4  5 

mM 


(m  +  MY' 

where  M  and  m  are  the  two  masses,  V  =  the  velocity  of  1st  mass  and 
V  =  the  velocity  of  2nd  mass.  Calculation  shows  that  the  amount  of 
ejector  steam  required  is  3.7  lb.  at  25  deg.  F.,  2.7  lb.  at  35  deg.  F.  and 
2.2  lb.  at  45  deg.  F.  brine  temperature  per  pound  of  "  steam  "  boiled 
out  of  the  evaporator. 

THE  MULTIPLE  EFFECT  COMPRESSOR   (Dual  Compression) 

The  multiple  effect  compressor  of  Gardiner  T.  Voorhees  is  an  attempt 
to  eliminate  one  compressor  when  two  evaporating  temperatures  are 
required  in  a  plant.  For  reasons  of  high  capacity  and  economy  as 
regards  power  input  it  is  desirable  to  operate  a  compressor  at  as  high  a 
suction  pressure  as  possible,  and  in  the  case  of  the  two  temperature 
plant  when  operated  with  only  one  compressors^  the  suction  pressure 
carried  must  be  that  for  the  lower  temperature  room.  The  result  of 
this  is  that  the  other  load  is  carried  at  a  condition  of  greater  piston  dis- 
placement and  greater  power  consumed  than  would  be  required  under 

^1  One  side  of  the  double-acting,  and  one  cylinder  of  the  twin  vertical  single- 
acting  compressor  can  be  used  for  the  low  temperature  suction  if  desired. 
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more  advantageous  operating  conditions.  In  the  Voorhees  device  the 
ordinary  suction  stroke  is  taken,  drawing  gas  from  the  colder  evaporating 
coils  (the  lower  suction  pressure)  and  at  or  near  the  end  of  the  stroke 
either  ports  in  the  cylinder  will  be  uncovered  or  certain  valves  be 
operated  mechanically  (rig.  46)  so  as  to  admit  gas  from  the  other  coils 
which  are  operated  at  the  higher  boiling  pressure. 

The  action  of  the  device  for  securing  a  multiple  effect  compression  is 
shown  on  the  indicator  card  in  Fig.  43  as  well  as  the  action  of  admitting 
the  Ilea vier  pressure  gas  theoretically  at  constant  volume.     However,  as 
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Fig.  43. — Dual  (2  pressure)  Compression. 

the  compression  speed  increases,  this  constant  volume  process  is  only 
approximated.  The  Windhausen  method  (Fig.  43)  is  not  really  multiple 
effect  compression,  but  is  more  nearly  stage  compression.  The  Voorhees 
method  is  used  by  the  Apeldoorn  Company  of  Holland,  the  Seagers 
Company  of  England,  and — to  some  slight  extent — the  Carbondale 
Machine  Company  and  the  Howe  Company  in  the  United  States.  As 
a  part  of  the  carbon  dioxide  compression  it  is  of  considerable  value 
because  of  certain  inherent  failings  of  this  refrigerant — particularly  in 
respect  to  the  heat  of  the  liquid  which  is  a  large  proportion  of  the  thermal 
potential  of  the  dry  saturated  vapor.  In  this  case  there  is  considerable 
value  in  permitting  the  refrigerant  to  operate  under,  first,  a  receiver 
pressure  and,  finally,  the  evaporating  coil's  pressure  (Fig.  44).  During 
the  first  drop  of  pressure,  a  certain  amount  of  gas  is  evolved,  due  to  the 
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cooling  of  the  liquid,  and  this  gas  may  be  returned  to  the  compressor  at 
the  receiver  pressure  instead  of  passing  on  to  the  evaporating  coils 
without  adequate  return.  For  general  refrigeration  the  nuiltiple  effect 
compression  has  not  been  popular  because  of  the  difficulty  in  adjusting 
the  loads.  In  order  to  show  the  advantage  to  be  derived  theoretically 
the  following  problem  will  be  solved: 

Problem. — The  condenser  pressure  is  185  lb.  per  square  inch  abs.,  suction 
pressure  30  and  45  lb.  abs.,  cylinder  capacity  10  cu.  ft.,  saturated  gas  assumed  at 
the  beginning  of  the  compression,  no  clearance  in  the  cylinder  and  adiabatic  com- 
pression. It  is  assumed  that  the  compressor  will  operate  under  30  lb.  suction 
pressure  in  the  first  case,  and  with  multiple  effect  in  the  second  case.     The  problem 


Cooling 
water 
outlet 


Cooling 
water  inlet 

^  COj  condenser 

Regulator 

Fig.  44. — Dual  Compression  Applied  to  Carbon  Dioxide  Refrigeration. 

is  to  find  the  percentage  increase  in  the  refrigerating  capacity  and  the  percentage 
increase  in  the  power  requirements  for  the  second  case.  The  refrigerating  effect 
under  30  lb.  suction  is, 

i"3oib.  -  i'i85ib.  =  G11.4  -  145.2  =  46G.2  B.t.u. 

i"46ib.  -  i'lsoib.  =  (ilG.9  -  145.2  =  471.7  B.t.u. 

The  weight  of  ammonia  in  10  cu.  ft.  at  30  lb.  abs.  pressure  is  =  1.08  lb. 

The  weight  of  ammonia  in  10  cu.  ft.  at  45  lb.  abs.  pressure  is  —  =  1.59  lb. 

6.3 

The  difference,    1.59  —  1.08  =  0.51  lb.  is  the    amount    (theoretically)   of  the 

ammonia  that  enters  the  cylinder  at  constant  volume  at  the  end  of  the  suction  stroke, 
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not  making  any  allowance  for  the  wire  drawing  which  would  be  expected  during  the 
passage  of  the  gas  from  the  evaporating  coils  to  the  cylinder,  and  the  difference  in 
the  temperatures  of  the  two  vapors.  As  the  compressor  is  operated  in  both  condi- 
tions at  the  same  speed  and  the  piston  displacement  in  each  case  is  identical,  the 
mean  effective  pressure  may  be  used  to  compare  the  power  input.  In  the  single 
case  the  refrigerating  effect  is  the  product  of  1.08  X  466.2  =  503  B.t.u.  and  the 
mean  effective  pressure  is  67.7  lb.  per  square  inch.  In  the  second  case  the  refrigera- 
tion is  (1.08  X  466.2)  +  (0.51  X  471.7)  =  743.5  B.t.u.  and  the  mean  effective  pressure 
is  90  lb.  per  square  inch. 

The  relative  advantage,  then,  works  out  as  follows: 

Multiple  effect  compression  :  regular  compression  =  743.7  :  503  =  1.47 

as  far  as  the  capacity  is  concerned,  and  the  power  input  is  as  90.0  :  67.7  =  1.33. 
This  shows  that  a  gain  in  the  capacity  of  about  47  per  cent  is  accomplished  by  the 
u.se  of  the  multiple  effect  compression  device,  incidental  with  an  increase  of  33  per  cent 
in  power.  This  is  the  maximum  advantage  and  in  practice  it  is  hardly  to  be  expected 
that  the  full  theoretical  increase  will  be  realized.  If  two  machines  had  been  used 
instead  of  the  single  two-effect  compressor,  one  operating  at  30  lb.  and  the  other 
at  45  lb.  suction,  there  would  have  been  approximately  twice  the  friction  developed. 
It  would  seem  that  there  are  some  theoretical  advantages  in  general  refrigerating 
practice  which  might  disappear  entirely  when  the  conditions  of  operation  are  not 
the  best. 

In  carbon  dioxide  compression  the  following  problem  will  be  of  interest: 
Given:  The  compressor  is  5f  in.  by  18  in.  to  operate  at  150  r.p.m.  The  piston 
rod  is  1 J  in.  and  the  compressor  is  to  maintain  a  25-deg.  and  a  40-deg.  F.  evaporating 
temperatures  with  85  degrees  liquefaction  temperature.  Taking  the  clearance  as 
4^  per  cent,  the  multiple  effect  in  the  cylinder  as  0.625  in.  diameter  and  the  volu- 
metric efficiency  as  80  per  cent,  the  gas  entering  the  cylinder  per  minute  is  59.7  cu.  ft. 

59.7 
or  — — —  lb.  CO2.     Taking  the  volume  of  the  clearance  space  as  3.48  cu.  ft.,  the  tem- 
0.188 

perature  of  the  clearance  gas  as  142  deg.  F.  and  the  specific  volume  of  this  gas  as 

3.48 
0.096  then  the  weight  of  the  clearance  gas  is  — —  =  36  lb.     The  total  weight  of  gas 

becomes  36  +  317  =  353  lb.  of  gas  in  the  cylinder  at  the  end  of  the  low-pressure 

suction. 

Taking  the  specific  volume  of  the  gas  at  583  lb.  and  48.5  deg.  F.  as  0.152  cu.  ft. 

the  volume  occupied  by  this  gas  will  be  353  X  0.152  =  53.7  cu.  ft.     The  cylinder 

volume  is  81.0  and  therefore  the  amount  of  gas  entering  through  the  ports  is  27.3 

cu.  ft.  theoretically  or  0.95  X  27.3  =  25.9  cu.  ft.     The  weight  of  gas  entering  through 

•     25.9 
the  ports  is  ^rrrz  —  170.5  lb.  per  mmute.     Taking  the  net  refrigeration  at  25  deg.  F. 

at  56.9  B.t.u.  per  pound  the  total  refrigeration,  at  the  low  pressure,  is 

56.9  X  317  =  18,000  B.t.u.  per  minute  =  90  tons  refrigeration. 

Taking  the  net  refrigeration  at  the  higher  pres.sure  at  55.0  B.t.u.  the  total  refrigera- 
is  170.5  X  55.0  =  9400  B.t.u.  =  47  tons  of  refrigeration. 

When  the  multiple  effect  is  used  to  cool  the  liquid  the  problem  is  not  so  straight- 
forward. In  this  case  it  is  necessary  to  assume  an  intermediate  evaporating  tem- 
perature, and  then  calculate  the  volume  obtained  which  must  be  enough  for  the 
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cylinder  dimensions.     Several  calculations  are  usually  necessary  before  the  propei 
pressure  is  obtained. 

STAGE  AMMONIA   COMPRESSION 

Stage  ammonia  compression  is  not  a  recent  idea,  but  its  real  develop- 
ment did  not  start  until  about  1915.  At  that  time  the  Central  Cold 
Storage  Company  and  the  Beatrice  Creamery  (both  of  Chicago)  and 
the  Ninth  Street  Terminal  Warehouse  of  Cleveland,  of  250,  200  and 
150  tons  respectively  were  installed  using  two-stage  compression  for 
refrigerating  temperatures  between  —  10  and  —  20  deg.  F.  Since 
that  time  progress  in  stage  compression  has  been  very  rapid,  and  its 
advantages  have  been  brought  out  by  papers  presented  before  the 
technical  societies  by  H.  Sloan, i-  George  Horne^^  and  Thomas  Ship- 
ley.^"*    As  a  result  it  is  conceded  (1925)  that  stage  compression  is  of 

advantage  if  the  ratio  of  the  compression  (  —  j  is  large  enough,  and  as 

a  rule  that  this  condition  prevails  when  the  suction  pressure  is  lowered 
to  about  5  lb.  gage.  To  the  contrary  the  usual  ice-making  installation 
does  not  require  stage  compression,  unless  the  condenser  pressure  is 
high. 

Previous  to  1915  the  first  attempt  at  stage  compression  was  that  of 
Norman  Selfe  who  secured  a  patent  in  1880.  He  used  a  form  of  trunk 
piston  for  the  high-pressure  piston;  the  design  including  a  vertical 
single-acting  cylinder  where  the  compressed  gas  was  not  cooled  between 
the  stages.  The  St.  Clair  two-stage  compressor  was  built  later  on  in 
the  eighties  (Ice  and  Refrigeration,  Jan.,  1894)  where  water  cooling 
was  made  use  of  between  the  stages.  About  1890  Linde  developed  his 
two-stage  compressor  which  also  was  water  cooled,  and  his  machine 
was  used  successfully  in  Europe  and  Australia.  Then  interest  seemed 
to  disappear  because  it  was  not  clear  that  stage  compression  offered 
sufficient  advantages  to  offset  the  many  disadvantages  due  to  increased 
fixed  charges  and  the  more  compHcated  compressor.  When  there  was 
a  demand  for  low-temperature  refrigeration  the  absorption  machine 
appeared  to  be  able  to  carry  this  kind  of  load  with  satisfaction  and 
economy  of  performance,  especially  as  steam  was  used  universally  to 
provide  power  for  the  refrigerating  machine  up  to  about  1915. 

Occasionally  the  booster  compressor  was  used  when  a  relatively  small 
part  of  the  load  required  a  low  temperature.  These  booster  compres- 
•snrs  took  the  vapor  from  the  low-pressure  coils  and  raised  the  pressure 

12  H.  Sloan,  Amer.  Soc.  Refrigerating  Eng.,  Dec,  1916. 

1'  George  Home,  Amer.  Soc.  Refrigerating  Eng.,  May,  1922. 

"  Thomas  Shipley,  National  Assoc.  Practical  Refrig.  Eng.,  Nov.,  1924. 
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to  that  of  the  other  coils  so  that  the  standard  compressor  could  handle 
all  of  the  gas  and  discharge  it  all  into  the  condenser.  The  booster  was 
very  convenient,  and  served  its  purpose  in  a  satisfactory  manner. 
However,  stage  ammonia  compression  is  a  problem  by  itself  and  much 
more  complicated  than  in  the  case  of  the  compression  of  air. 

Stage  compression  for  ammonia  is  different  from  that  of  air  because 


Ordinary  compression 


M,  E.  P.  75  H5  =  90  lb.  per  sq.  in.  M,  E.  P.  =  67.7  lb.  per  sq.  in. 

Fig.  45. — Theoretical  Indicator  Diagrams  for  Dual  Compression. 


ammonia  in  a  part  of  the  cycle  is  a  liquid,  and  in  addition  the  tempera- 
tures carried  in  part  of  the  cycle  are  frequently  100  degrees  below  the 
temperature  of  the  atmosphere.  Also,  unlike  air  compression,  the 
pressure  range  varies  very  decidedly  with  the  seasons  for  in  the  winter 
time  the  pressure  ratio  may  be  as  small  as 
6.0  whereas  in  the  summer  this  ratio  of  the 
discharge  to  the  suction  pressure  may  be 
increased  to  12.0.  The  air  compressor  is 
likely  to  be  operated  for  the  same  discharge 
pressures  summer  and  winter. 

In  the  refrigerating  cycle  there  is  an 
evolution  of  gas  during  the  pressure  drop 
incidental  to  the  passage  through  the  ex- 
pansion valves.  This  gas  is  formed  by  the 
vaporization  of  some  of  the  liquid  ammonia 
and  may  amount  to  from  6  to  15  per  cent 
of  the  liquid  passing  the  valve,  the  amount  Fig.  46.-Dual  Compression 
depending  on  the  initial  and  the  final  tern-  Mechanically  Operated  Valve, 
peratures  of  the  Hquid  during  the  passage 

of  the  expansion  valve.  In  stage  ammonia  compression  it  has  been 
the  usual  custom  to  use  two  'pressure-reducing  valves,  and  to  permit  the 
gas  evolved  during  the  first  pressure  drop  to  be  separated  from  the 
Uquid  and  to  pass  immediately  into  the  suction  line  to  the  high-pressure 
cyHnder.  There  are  two  reasons  for  this  method;  first  the  gas  has  a 
negligible  amount  of  value  as  a  refrigerating  medium,  and  secondly, 
permitting  it  to  pass  into  the  low-pressure  coils  increases  in  proportion 


Mechanically 
~  operated 
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the  amount    of    gas    to  be   handled 
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discharge 
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Sleeve  valve 


by  the  low-pressure  cylinder, 
and  increases  also  the  work 
performed  by  the  compres- 
sor. The  specific  volume  of 
ammonia  assumes  very  large 
proportions  as  the  pressure 
is  reduced,  and  in  the  follow- 
ing problem  the  specific  vol- 
ume (the  volume  of  one  pound) 
is  16.66  and  the  per  cent  of 
the  ammonia  gasified  during 
the  first  pressure  reduction  is 
9.16  per  cent — points  in  the 
figure.  If  this  gas  is  allowed 
to  get  into  the  low-pressure 
coils  then  the  low-pressure 
cylinder  would  have  to  pump 
it  up  again  to  the  intermediate 
pressure,  the  pressure  of  53.7 
lb.  in  the  problem,  and  there 
would  be  little  useful  refrigera- 

FiG.  47.-The    West   Sleeve   Type   [mechani-    ^i^^  ^O  offset    the   expense   of 
cally  operated]  Ammonia  Compressor.  the   process.      The   work  done 

in  the  high-pressure  cylinder 
would  be  the  same  in  every  case  except  for  the  superheat  in  the  gas 
entering  the  high-pressure  cyhnder,  which  affects  both  the  volume  of 
the  fluid  to  be  compressed  and  therefore  the  amount  of  the  work  done 
in  the  cyUnder. 

Different  cycles  of  operation  are  used  in  stage  compression  depend- 
ing on  the  method  of  handling  the  gas  after  it  is  discharged  from  the 
low-pressure  cylinder.  The  air  compressor — deahng  as  it  does  with 
temperatures  above  that  of  the  atmosphere — attempts  to  cool  the 
discharged  gas  from  the  low  pressure  to  the  initial  temperature  at 
suction.  This  is  very  easily  done  by  the  use  of  water-coohng  coils. 
In  ammonia  compression,  in  the  illustrative  problem,  the  temperature 
of  saturation  at  the  intermediate  pressure  is  25  deg.  F.  which  is  con- 
siderably cooler  than  any  water  which  would  be  available  for  the  purpose 
of  intermediate  cooling.  In  fact,  if  cooling  down  to  25  degrees  is 
required,  the  only  way  that  it  can  be  done  is  to  make  use  of  ammonia, 
but  ammonia  at  the  pressure  of  the  low  pressure,  giving  —  25  deg.  F. 
boihng  temperature,  would  not  be  an  economical  medium  of  operation, 
and  one  would  not  think  for  a  moment  of  trying  to  cool  this  gas  down 
to  —  25  degrees  as  would  be  done  in  air  compression. 
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It  is  clear  therefore  that  cooling  back  to  the  isothermal  is  out  of  the 
question  for  ammonia  compression.  The  very  best  that  can  be  done  in 
the  intercooler  is  to  cool  down  to  the  temperature  of  saturation  at  the 
intercooler  pressure,  and  this  maj-  be  done  by  (a)  cooling  entirely  by 
means  of  Uquid  ammonia,  by  permitting  the  gas  discharged  from  the 
low-pressure  cylinder  to  pass  into  a  sort  of  accumulator  where  the 
superheated  gas  and  the  liquid  refrigerant  will  mix  and  by  (6)  coohng 
the  superheated  gas  by  water  to  (say)  70  deg.  F.  and  by  allowing  this  gas 
now  superheated  45  degrees  in  the  problem  to  pass  into  a  second  cooler 
where  hquid  ammonia  at  25  degrees  is  held.     The  superheated  gas  will 
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The  above  formula  is  for  determining  the  inter- 
mediate pressure  for  a  two  stage  compressor  with 
water  and  ammonia  inter-cooling  for  gwen  suet,  and 
disch,  pressures. 

Obtain  factor  from  curue  in  accordance  with 
total  ratio  of  compression  and  the  table  on  the  left. 
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Fig.  48. — Two-stage  Compression;   Intermediate  Pressure  Determination. 


be  cooled,  and  some  of  the  liquid  will  be  evaporated  as  it  absorbs  heat 
and  boils  at  25  deg.  F.  The  illustrative  problem  also  assumes  a  case  (c) 
where  the  second  process  (6)  is  omitted  and  gas  superheated  45  degrees 
is  permitted  to  pass  on  to  the  high-pressure  cylinder. 

Lately  there  has  been  a  tendency  on  the  part  of  a  few  persons  to 
try  to  simplify  the  stage  compression  cycle.  This  has  been  directed 
against  the  use  of  the  accumulator  (the  intercooler)  and  towards  the 
use  of  only  one  expansion  valve  with  cooling  between  the  stages  by 
water  only.  In  the  illustrative  example  the  temperature  after  compres- 
sion in  the  low-pressure  cyhnder  up  to  53.7  lb.  is  about  107  deg.  F. 
and  coohng  in  the  aftercooler  with  the  use  of  water  would  be  from  107 
to  70  degrees.  This  temperature  of  the  gas  entering  the  high-pressure 
cylinder  would  not  be  excessive  provided  the  condenser  pressure  was 
not  very  high.     In  the  illustrative  example  (Fig.  49)  it  will  be  seen 
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+70  Deg.  F.  128.8  lb. 
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-25  Deg.  F  15.98  lb. 


Entropy 
Fig.  49. — Simple  and  Stage  Compression. 


Problem 


Case  A 

Cool  to 

+  25  Deg. 

F.  with 

Liquid 

NH3 


Case  B 

Cool  to 
70  Deg.  F 
with  Water 

and  to 
+  25  Deg 

F.  with 
NH3 


Case  C 


Cool  to 

ro  Deg.  F, 

with 

Water 


Case  D 


Simple 
Compres- 


Case  E 

No  Liquid 
Intercool- 
ing  Gas 
Cooled  to 
70  Deg.  F. 
with  Water 


Weight  of  liquid  evaporated  in  cooling  l.p. 
disch.  gas,  lb 

Weight  liquid  evaporated  in  first  exp.  valve, 
lb. 

Weight  of  liquid  passing  to  second  expan- 
sion, lb 

Weight  ammonia  as  liquid  available  for 
refrigeration,  lb 

Refrigerating  effect,  B.t.u 

Work  done — l.p.cyl.  ft.,  lb 

Work  done — h.p.  cyl.  ft. -lb 

Total  work  of  compression,  ft.-lb 

Probable  vol.  eff.  h.p.  cyl 

Probable  eff.  l.p.  cyl 

Total  work — allowing  for  vol.  eff.  ft.-lb. .  .  . 

Coefficient  of  performance 

Hp.  per  ton  of  refrigeration 


0.0725 

0.0916 

0.8359 

0.7588 
445.50 
44,450 
39,800 
84,250 
0  9233 
0.9008 
92,450 
3.75 
1.257 


0.04275 

0.0916 

0.8657 

0 . 7860 
461.0 
46,020 
39,800 
85,820 
0.9233 
0.9008 
94,250 
3.81 
1.238 


0.0916 

0.9084 

0.822 
484.2 
48,300 
44,450 
92,750 
0.9165 
0.9008 
102,100 
3.690 
1.277 


0.178 


0.822 
482.7 


101,400 
0.8110 


125,000 

3.00 

1.568 


0.0916 


0.822 

482.7 

53,150 

44,450 

97,600 

0.9165 

0 . 9008 

107,500 

3.49 

1.352 


Comparative  Efficiencies  of  Simple  and  Compound  Compression. 
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that  this  case — Case  E — is  not  so  good  as  far  as  the  horse  power  per 
ton  of  refrigeration  is  concerned.  Referring  to  Cases  A,  B  and  C  it  will 
be  noticed  that  there  is  slight  difference  in  this  respect,  but  that  in  Case 
B  the  lowest  horse  power  per  ton  of  refrigeration  is  found  as  developed 
from  the  theoretical  calculation.  Finally  there  are  given  in  the  table 
values  calculated  for  simple  compression,  Case  D.  All  the  calculations 
are  based  on  the  premise  of  having  one  pound  of  liquid  at  70  deg.  F.  at 
the  expansion  valve. 


2*2bS. 


16*abs. 


85#abs. 


vn.' 

H.P\ 

t 

t 

(. 

( 

l,022ym.  1.04^m. 

Low  temp.  High  temp, 

liquid  cooler  liquid  cooler 


Condenser 
230#abs. 


105.3  F 
Liquid 


4.18f'm. 


Fig.  50. — Ammonia  Compression  in  Three  Stages. 


In  general  it  can  be  said  that  the  best  arrangement  is  usually  the 
simplest,  but  this  is  not  the  case  when  dealing  with  low-temperature 
refrigeration.  Ordinarily  there  is  no  advantage  in  cooling  the  refrigerant 
by  means  of  itself,  although  that  is  what  is  done  in  the  case  when  using 
the  accumulator  in  the  flooded  system.  Referring  to  the  table  it  will 
be  seen  that  the  simplest  cycle  for  stage  compression.  Case  D,  is  not  the 
best  one,  as  far  as  the  power  requirements  are  concerned,  by  any  means, 
although  it  has  one  less  piece  of  equipment,  the  accumulator.  With 
the  accumulator  and  cooling  only  to  70  deg.  F.  with  water  the  horse 
power  per  ton  of  refrigeration  is  1.277  as  compared  with  1.352  in  the 
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cycle  in  Case  E.  The  best  results  are  given  in  Case  B  which  has  the 
accumulator,  two  expansion  valves  and  has  cooling  with  water  to  70 
degrees  and  with  ammonia  to  25  degrees. 


Oil  separator- 


Brine 
cooler 


Low  pressure 


compressor 


precooler 


Brine 
cooler"" 


«=« 


Liquid 
^/precooler      y^\X\<\\iA 


First  inter - 
cooler 


Low  pressure 
compressor 


Low  pressure  _ 
steam  cylinder 


receiver 


J^^High  pressure 
compressor 


.High  pressure 
steam  cylinder 


Fig.  51. — Two-stage  Ammonia  Compressor. 

Ammonia  compression  in  three  stages  is  rare  at  the  present  time,  as 
only  extremely  severe  operating  conditions  will  warrant  such  a  design. 
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A  Carbondale  three-stage  compressor  (Fig.  50)  installed  in  one  of  the 
rubber  manufacturing  companies  had  a  14  and  8  and  4  by  12  inch  stroke, 
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85 

Volumetric 
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Efficiency 
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2  3  4  5  6  7  8  9  10  11  12 

i?= Ratio  of  compressions  =ij  -f  ij 

Fig.  52. — Volumetric  Efficiency. 

single-acting  except  for  the  low  pressure  (14  by  12)  cylinder  which  was 
double-acting.  The  total  piston  displacement  was  570  cu.  ft.  per  minute 
at  225  r.p.m.  and  the  operating  conditions  were  for  2.0  lb.  suction  and 
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ower  by  the.  compression  efficiency. 

"c 

Stroke 
inches 

Belted 

Dir.  conn, 
motor  drive 

Steam 
driven    - 

A 

To  obtain  the  power  required  to  drive  the  — 

6 
9x10 
12x14 
16x18 

24 

87 
88 

89 
90 

91 
92 
93 

84 
85 
87 
89 
90 

compressor,  either  brake  horse  power  to  be 
applied  at  shaft,  or  indicated  horse  power  of 
sleam  cylinder,  divide  the  indicated  horse     1 

a: 

power  of  the  ai 
anical  efficienc 

\        '        ' 

\mo.  cylinder  by  the  mech- ' 
y.                    Ill 

1        1        1        1        1        1        1        1        L 

2  3  4  5  6  7  8  9  10  11 

Ratio  of  compressions  P^-^Pj 

Fig.  53. — Compression  EflBciency. 

230  lb.  condenser  pressure.  This  machine  was  designed  for  6.0  tons  under 
good  conditions  of  operation  and  would  require  about  30  brake  horse 
power. 
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Compressor  Details. — Tables  5  to  13  give  approximate  sizes  of 
standard  ammonia  and  carbonic  compressors  built  by  various  manu- 
facturers of  refrigerating  machines.  In  addition  Figs.  52,  53  and  54 
give  the  volumetric  efficiency,  cubic  feet  per  ton  and  horse  power  per 
ton  used  by  a  well-known  manufacturer.  Every  manufacturer  has 
curves  similar  to  these  last,  and  the  only  variations  are  in  the  volumetric 

efficiency  and  the  allowance 
for  the  leakage  through  the 
valves  and  piston  rings  and  in 
the  imperfections  of  operation. 
In  Figs.  29  and  30,  for  example, 
no  allowance  was  made  for 
mechanical  defects  nor  for  the 
personal  equation  of  the  opera- 
tor so  that  where  the  values 
given  in  Figs.  29  and  30  are 
used  it  is  necessary  to  make 
some  allowance  as  a  factor  of 
safety.  Likewise  the  horse 
power  per  ton  of  refrigera- 
tion as  given  in  Figs.  31  and 
32  are  smaller  than  would  be 
specified  in  practice.  In  start- 
ing up,  especially  in  automatic 
installations,  the  load  is  consid- 
erably greater  than  under  usual 
running  conditions  because  of 
the  high  suction  pressures,  and 
so  the  result  is  that  a  larger 
motor  is  installed  than  would  be 
indicated  from  the  consideration 
of  Figs.  31  and  32.  Tables  3 
to  14  are  taken  from  manufac- 
turer's data  without  editing. 
In  the  tables  the  floor  space  and  in  a  number  of  cases  the  overall 
height  are  given.  Piping  connections  are  given  in  Chapter  IV,  as  are 
also  the  details  on  suction  traps  and  oil  separators.  Some  electric 
motor  characteristics  are  shown  in  Chapter  XXII,  and  some  steam  engine 
details  are  collected  in  Chapter  XXIII. 


0  50  100         150         200        250 

Discharge  pressure,  lbs.  per  sq.  in.  gage 

Fig.  54. — Piston   Displacement  per  Ton 
Refrigeration  per  Minute. 
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TABLE  2 
Characteristics  of  No.  2  Audiffren-Singrun  Refrigerating  Machine 

.2\A— >\  Direction  of  rotation  is  clockwise  when 

facing  machine  at  pulley  end 


S>|2 


r  "~1 1 16  ~"H*" "  Saa'T"- 832 -H* -7  32-^ 


DUMBBELL  AND   PULLEY 
Dumbbell  Type  2e 

Key  way  in  shaft.  .  .  .  J  in.  by  |  in.  by  4J  in. 

Weight 140  lb. 

Weight  crated 200  lb. 

R.p.m 380 


Condensing  Water  Temperature 
at  Overflow- 


Capacity  in  B.t.u.  absorbed  per  hour  at 
brine  temperature  of 


Capacity  in  pounds  of  ice  per  hour  with 
water  for  cans  at  59  degrees  and  brine 
at  27  degrees 


Condensing  water  required  per  hour  in 
gallons  with  temperature  rise  of ...  . 


With  brine  at  27  deg.  F 

Horse  power  required  brine  at  27^  deg.  F 


50° 


4200 
3560 
3290 
3050 
2610 
2410 
1940 


13 

57 

28.5 


.48 


59° 


4000 
3400 
3170 
2890 
2500 
2340 
1820 


12 

53 

26.5 

18 


68° 


3800 
3250 
3010 
2770 
2380 
2220 
1740 


11 

49 
24.5 
16.5 
12.5 


..53 


77° 


3640 
3090 
2850 
2610 
2260 
2100 
1660 


10^ 

45 
22.5 

15 
11.5 


.55 


86° 


3450 
2930 
2690 
2490 
2140 
1980 
1580 


10 

41 
20.5 
13.5 
10.5 


..58 


95° 


3250 
2730 
2530 
2340 
2020 
1860 
1460 


9 

38 
19 
13 


.60 


Characteri.stics  of  No.  3  Audiffren-Singrun  Refrigerating  Machine 

.3" 


=16  r  2  -916  *^ 


5-2 
2 


—  -23- 


Direction  of  rotation  is  clockwise  when 
facing  machine  at  pulley  end 

DUMBBELL  AND   PULLEY 
Dumbbell  Type  3e 


^     Keyway  in  shaft 

I 


I  in.  by  A  in.  by  7^  in. 
Weight 390  1b. 


I                     '3^'          I      I  711" /      '  L 
^,  r";r^74~H     I'iZ^rr'    "height  crated 490  1b 

-2lf,— +42|-H<-12f-4-10H         R.p,n 28C 


Condensing  Water  Temperature 
at  Overflow 


Capacity  in  B.t.u.  absorbed  per  hour  at 
brine  temperature  of 


Capacity  in  pounds  of  ice  per  hour  with 
water  for  cans  at  59  degrees  and  brine 
at  27  degrees 


Condensing  water  required  per  hour  in 
gallons  with  temperature  rise  of ...  . 


With  brine  at  27  deg.  F 

Horse  power  required  brine  at  27 1  deg.  F 


.50° 


10,500 
8,910 
8,220 
7,620 
6,530 
6,040 
4,850 


33 
120 
60 


59° 


10,000 
8,510 
7,920 
7,230 
6,240 
5,840 
4,550 


30 

114 
57 
38 


1.02 


68° 


9500 
8120 
7520 
6930 
5940 
5540 
4350 


27 
107 
54 
36 
27 

1.14 


77° 


9100 
7720 
7120 
6530 
5640 
5250 
4160 


26 
100 
50 
33 
25 

1.26 


8610 
7320 
6730 
6240 
5340 
4950 
3960 


24 
93 
47 
31 
24 

1  38 


95° 


8120 
6830 
6340 
5840 
5040 
4650 
3860 


23 
85 
43 
28 
22 

1.50 
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TABLE  2— Continued 
Chabacteristics  of  No.  4  Audiffren-Singrun  Refrigerating  Machine 


>68t* 3-38— 3TJ- 


^^  l<--22x— *l<-174-^ 


-17i"-4-12|'^ 


Direction  of  rotation  is  clockwise  when 
facing  machine  at  pulley  end 

DUMBBELL  AND   PULLEY 
Dumbbell  Type  4h 

Keyway  in  shaft 3  in.  by  J  in.  by  8|  in. 

Weight 850  lb. 

Weight  crated 1085  lb. 

R.p.m 190 


Condensing  Water  Temperature 

50° 

59° 

68° 

77° 

86° 

95° 

at  Overflow 

50° 

21,000 

20,000 

19,000 

18,200 

17,220 

16,240 

41° 

17,820 

17,020 

16,240 

15,440 

14,640 

13,660 

37° 

16,440 

15,840 

15,040 

14,240 

13,460 

12,680 

Capacity  in  B.t.u.  absorbed  per  hour  at 

32° 

15,240 

14,460 

13,860 

13,060 

12,480 

11,680 

brine  temperature  of 

27° 

13,060 

12,480 

11,880 

11,280 

10,680 

10,100 

23° 

12,080 

11,680 

11,080 

10,500 

9,900 

9,300 

14° 

9,700 

9,100 

8,700 

8,320 

7,920 

7,720 

Capacity  in  pounds  of  ice  per  hour  with 

water  for  cans  at  59  degrees  and  brine 

66 

60 

55 

52 

49 

45 

[ 

9° 

230 

220 

210 

195 

185 

175 

Condensing  water  required  per  hour  in  1 

18° 

115 

110 

105 

97 

93 

88 

gallons  with  temperature  rise  of ...  .  1 

27" 

74 

70 

65 

62 

58 

[ 

36" 

53 

49 

47 

44 

With  brine  at  27  deg.  F 

Horse  power  required  brine  at  27 t  deg.  F 

1.6 

1.8 

2.05 

2.15 

2.3 

2.5 

Characteristics  of  No.  6  Audiffren-Singrun  Refrigerating  Machine 

)5 


'k-273^"4-22iM-22^'4l7fr 


Direction  of  rotation  is  clockwise  when  facing 
machine  at  pulley  end 

DUMBBELL  AND   PULLEY 
Dumbbell  Type  6h 

Keyway  in  shaft |  in.  by  J  in.  by  12yj  in. 

Weight 1700  lb. 

Weight  crated 2100  lb. 

R.p.m 140 


Condensing  Water  Temperature 

50° 

59° 

68° 

77° 

86° 

95° 

at  Overflow 

50° 

42,000 

40,000 

38,000 

36,400 

34,490 

32,480 

41° 

35,640 

34,040 

32,480 

30,880 

29,280 

27,320 

37° 

32,880 

31,680 

30,080 

28,480 

26,820 

25,360 

Capacity  in  B.t.u.  absorbed  per  hour  at 

32° 

30,480 

28,920 

27,720 

26,120 

24,960 

23,360 

brine  temperature  of 

27° 

26,120 

24,960 

23,760 

2  2,. 560 

21,360 

20,200 

23° 

24,160 

23,360 

22,160 

21,000 

19,800 

18,600 

14° 

19,400 

18,200 

17,400 

16,640 

15,840 

15,440 

Capacity  in  pounds  of  ice  per  hour  with 

water  for  cans  at  59  degrees  and  brine 

132 

120 

110 

105 

99 

92 

9° 

420 

410 

400 

390 

380 

370 

Condensing  water  required  per  hour  in  1 

18° 

210 

205 

200 

195 

190 

185 

gallons  with  temperature  rise  of ...  .   | 

27° 

137 

134 

130 

127 

124 

[ 

36° 

100 

95 

93 

92 

With  brine  at  27  deg.  F 

Horse  power  required  brine  at  27J  deg.  1 

3.6 

3.9 

4.1 

4.3 

4.6 

4.8 
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TABLE  3 

Transmission  Data  for  Belt-driven  V.  S.  A.  Enclosed  Type  Compressors 


Dis- 

tance, 

Size  of 

Stand- 
ard 
Speed, 
R.p.m. 

Diam- 
eter of 

Face  of 

Belt 

Wheel 

Weight 
of 

Motor, 
FuU 

Diam- 
eter of 

Face 
of 

Width  Width 
of          of 

Double  Single 
Load     Load 
Belt,     Belt. 

Inches  Inches 

Center 

to 
Center, 

Approx- 
imate 

Machine, 
Inches 

Belt 
Wheel, 

(Not 
Including 

Belt 
Wheel, 

Load, 
R.p.m., 

Motor 
Pulley, 

Motor 
Pulley, 

of  Belt 
Wheel 

Length 
of  Belt, 

Inches 

Pockets), 
Inches 

Pounds 

60  Cycles 

Inches 

Inches 

and 
Motor 

Feet 

Pulley, 

I 

Feet 

3X    3 

300 

26 

3J 

180 

1720 

4J 

31 

3 

6 

17 

(Single) 

3X    3 

300 

26 

3^ 

180 

1720 

4^ 

3^ 

3 

6 

17 

(Double) 

4X    4 

275 

30 

4^ 

300 

1720 

5 

4^ 

4 

6 

18 

(Single) 

4X    4 

275 

30 

4^ 

300 

1720 

5 

4^ 

4 

6 

18 

(Double) 

5X    5 

240 

36 

6i 

600 

1150 

■7h 

6i 

6 

8 

22 

6X    6 

220 

42 

Ih 

600 

1150 

8 

Ih 

7 

8 

24 

7X    7 

210 

48 

&h 

1000 

1150 

9 

8i 

6 

8 

10 

29 

8X   8 

200 

50 

8^ 

1200 

870 

lU 

8i 

8 

10 

30 

9X   9 

190 

60 

10^ 

1500 

870 

13 

lOJ 

10 

12 

34 

10X10 

180 

72 

12^ 

1800 

870 

15 

12J 

12 

14 

40 

12X12 

170 

86 

14^ 

3250 

870 

17 

Uh 

14 



16 

47 

Weight  of  belt  wheels  based  on  225-lb.  H.  P.,  and  25-lb.  B.  P.  Standard  Speed. 
Compressors  requiring  20  per  cent  or  more  speed  reduction  will  require  special  belt  wheels  of 
greater  weight. 
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TABLE  4 

Motor  Engine  Horse  Power  for  V.  S.  A.  Enclosed  Compressors 

185  Lb.  Condenser  Pressure 


3 

Ammonia  Suction  Pressures  and  Corresponding  Ammonia  Temperatures, 

13 
6 

Pounds 

per  Square  Inch,  Gage  and  Degrees  Fahrenheit 

c 
.2 

6  Lb. 

9  Lb. 

12  Lb. 

16  Lb. 

—  15  deg.  F. 

—  10  deg.  F. 

—  5  deg.  F. 

—  0  deg.  F. 

B 

3 
2^ 

2 
o 

PQ 

2 

_3 

> 

E.H.P. 

M.H.P. 

E.H.P. 

M.H.P. 

E.H.P. 

M.H.P. 

E.H.P. 

M.H.P. 

1 

3 

3 

330 

1.35 

1.22 

1.43 

1.29 

1.51 

1.36 

1.58 

1.43 

1 

4 

4 

275 

2.85 

2.60 

3.01 

2.8 

3.18 

2.9 

3.32 

3.10 

2 

4 

4 

275 

5.46 

5.10 

5.80 

5.40 

6.10 

5.70 

6.38 

6.00 

2 

5 

5 

240 

9.10 

8.60 

9.60 

9.20 

10.1 

9.7 

10.6 

10.1 

2 

6 

6 

220 

14.2 

13.7 

15.1 

14.4 

15.9 

15.2 

16.6 

15.9 

2 

7 

7 

210 

21.2 

20.5 

22.5 

21.6 

23.7 

22.8 

24.8 

23.9 

2 

8 

8 

200 

29.9 

28.9 

31.6 

30.6 

33.3 

32.2 

34.8 

33.8 

2 

9 

9 

190 

40.5 

38.8 

42.8 

41.0 

45.2 

43.4 

47.3 

45.3 

2 

10 

10 

180 

52.5 

49.9 

55.5 

52.8 

58.5 

55.8 

61.3 

58.3 

2 

12 

12 

170 

86.0 

80.7 

90.8 

85.3 

96.0 

90.3 

100.2 

94.2 

19  Lb. 

24  Lb. 

28  Lb. 

33  Lb. 

5  deg.  F. 

10  deg.  F. 

15  deg.  F. 

20  deg.  F. 

3 

3 

330 

E.H.P. 

M.H.P. 

E.H.P. 

M.H.P. 

E.H.P. 

M.H.P. 

E.H.P. 

M.H.P. 

1 

1.05 

1.50 

1.70 

1.54 

1.76 

1.59 

1.80 

1.63 

1 

4 

4 

275 

3.47 

3.20 

3.60 

3.30 

3.71 

3.40 

3.80 

3.50 

2 

4 

4 

275 

6.65 

6.30 

6.90 

6.50 

7.10 

6.70 

7.30 

6.80 

2 

5 

5 

240 

11.1 

10.7 

11.5 

11.0 

11.9 

11.3 

12.1 

11.6 

2 

6 

6 

220 

17.4 

16.6 

18.0 

17.2 

18.6 

17.8 

19.0 

18.2 

2 

7 

7 

210 

25.9 

25.0 

26.8 

25.8 

27.7 

26.8 

28.3 

27.2 

2 

8 

8 

200 

36.4 

35.3 

37.7 

36.3 

38.9 

37.7 

39.8 

38.4 

2 

9 

9 

190 

48.4 

47.4 

51.1 

48.9 

52.8 

50.5 

54.0 

51.7 

2 

10 

10 

180 

64.0 

61.0 

66.2 

63.0 

68.5 

65.3 

70.0 

66.4 

2 

12 

12 

170 

105.0 

98.4 

108.4 

102.0 

112.0 

105.4 

114.5 

107.6 

E.H.P.  =  Indicated  horse  power  of  direct  compressor  steam  engine  required. 
M.H.P.  =  Motor  horse  power  required. 

Multiply  above  Horse  Power  by  Constants  Given  below  to  Obtain 
Horse  Power  at  Different  Condenser  Pressures  Given 


Condensed 

An 

imonia  Suction  Pressures 

Pounds, 
Gage 

6  Lb. 

9  Lb. 

12  Lb. 

16  Lb. 

19  Lb. 

24  Lb. 

28  Lb. 

33  Lb. 

200 
168 
153 

1.042 

.85 
.8895 

1.048 
.948 
.8893 

1.05 
.945 
.8885 

1.052 
.943 

.888 

1.057 
.94 

.8872 

1.06 
.938 
.8868 

1.062 
.93 

.886 

1.07 
.928 
.8847 
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TABLE  ^—Continued 

Vertical  Single-acting  Machines 

Volumetric  Efficiencies  of  Compressors — Efficiency.  Actual  Cubic  Feet  Piston 
Displacement  per  Ton  per  Minute — Cubic  Feet.  Indicated  Horse  Power  of 
Compressors  per  Ton  of  Refrigeration — Horse  Power. 


u 
3 

§.5 

u    m 

u 

Back  Pressure  (Gage)  and  Corresponding  Temperature 

u 

o 

7.94  Lb. 
— 12  Degrees 

10.31  Lb. 
—  80  Degrees 

12.89  Lb. 
—  40  Degrees 

15.67  Lb. 
—  0  Degrees 

o 

o 

EFF. 

C.F. 

H.P. 

EFF. 

C.F. 

H.P. 

EFF. 

C.F. 

H.P. 

EFF. 

C.F. 

H.P. 

126.20 
139.40 
153.18 
167.92 
183.65 
200.42 
218.28 
237.27 
2.58.70 
275.90 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

75 
80 
85 
90 
95 
100 
105 
110 
115 
120 

79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 

6.32 
6.50 
6.60 
6.70 
6.79 
6.93 
7.05 
7.18 
7.35 
7.50 

1.38 
1.48 
1.58 
1.69 
1.83 
1.96 
2.10 
2.22 
2.37 
2.52 

80.2 
79.7 
79.1 
78.6 
78.0 
77.5 
76.9 
76.4 
75.8 
75.3 

5.83 
5.89 
5.95 
6.05 
6.12 
6.20 
6.30 
6.40 
6.50 
6. 03 

1.30 
1.39 
1.48 
1.59 
1.68 
1.82 
1.93 
2.04 
2.16 
2.31 

81.4 
80.8 
80.2 
79.6 
79.0 
78.4 
77.8 
77.2 
76.6 
76.0 

5.13 
5.21 
5.30 
5.40 
5.50 
5.60 
5.71 
5.80 
5.90 
6.02 

1.16 
1.25 
1.34 
1.46 
1.56 
1.67 
1.79 
1.90 
2.01 
2.13 

82.6 
81.9 
81.3 
80.6 
80.0 
79.4 
78.7 
78.1 
77.5 
76.8 

4.47 
4.55 
4.64 
4.72 
4.81 
4.90 
4.99 
5.10 
5.20 
5.30 

1.05 
1.13 
1.24 
1.34 
1.45 
1.56 
1.64 
1.74 
1.84 
1.95 

19.46  Lb. 
+5  Degrees 

23.64  Lb. 
+  10  Degrees 

28.24  Lb. 
+  15  Degrees 

33.25  Lb. 
+20  Degrees 

EFF. 

C.F. 

H.P. 

EFF. 

C.F. 

H.P. 

EFF. 

C.F. 

H.P. 

EFF. 

C.F. 

H.P. 

126.20 
1.39.40 
153.18 
167.92 
183.65 
200.42 
218.28 
237.27 
2.58.70 
275.90 

83.7 
83.0 
82.3 
81.7 
81.0 
80.4 
79.7 
79.1 
78.4 
77.8 

3.99 
4.05 
4.14 
4.20 
4.28 
4.36 
4.45 
4.54 
4.63 
4.70 

.96 
1.00 
1.14 
1.23 
1.33 
1.43 
1.54 
1.64 
1.74 
1.84 

84.8 
84.1 
83.4 
82.7 
82.0 
81.3 
80.6 
79.9 
7.92 
78.5 

3.49 
3.56 
3.62 
3.69 
3.77 
3.84 
3.91 
3.98 
4.06 
4.15 

.86 
.95 
1.03 
1.11 
1.22 
1.31 
1.40 
1.56 
.68 
1.80 

85.9 
85.2 
84.4 
83.7 
83.0 
82.3 
81.8 
80.1 
79.4 

3.07 
3.13 
3.20 
3.25 
3.32 
3.40 
3.52 
3.60 
3.66 

.77 
.85 
.95 
1.02 
1.12 
1.21 
1.41 
1.52 
1.63 

86.9 
86.2 
85.5 
84.7 
84.0 
83.3 
81.8 
81.1 
80.4 

2.70 
2.75 
2.81 
2.87 
2.91 
2.98 
3.10 
3.14 
3.21 

.60 

.76 

.85 

.93 

1.02 

1.09 

1.27 

1.36 

1.46 

Actual  cubic  feet  per  ton  per  minute 
Plan 


I.hp.  per  ton  = 


Theoretical  cubic  feet  gas  to  produce  one  ton  of  refg. 
Volumetric  efiBciency 
Plan 


33,000  X  Eff.         144  X  Eff.  X  Actual  cubic  feet  per  ton  per  minute 

P  X  .Actual  cubic  feet  per  ton  per  minute 
229 
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TABLE  5 


Cubic  Feet 

Cubic  Feet 

Per  Cent  Friction 

Size  of 
Compressor 

Full  Speed, 
R.p.m. 

Piston 

Piston 

Displacement 
per  Minute 

Displacement 
per  Rev. 

Steam 

Belt 

(Full  Speed) 

C.F.R. 

drive 

drive 

l-6iX  6 

130 

15.0 

.116 

25 

23 

2-6^  X  6 

130 

30.0 

.231 

24 

22 

7^X  8 

120 

49.1 

.409 

23 

21 

8^X10 

110 

72.3 

.657 

22 

20 

9^X12 

100 

38.5 

.985 

21 

19 

10^X15 

95 

142.8 

1.50 

20 

18 

121X18 

90 

230.0 

2.555 

19 

17 

13^X20 

85 

281.5 

3.312 

18 

16 

15X24 

80 

392.7 

4.91 

17 

16 

16^X28 

75 

519.7 

6.93 

16 

15 

18X32 

65 

612.6 

9.424 

15 

15 

20^X36 

60 

825.2 

13.75 

15 

15 

221X36 

60 

976.6 

16.27 

15 

15 

24X36 

60 

1131.0 

18.85 

15 

15 

Formulae 

C.F.  =  Cu.  ft.  pist.  displ.  per  ton  per  min.     (From  Table) 
C.F.R.  =  Cu.  ft.  pist.  displ.  per  rev.     (From  Table) 
R.P.M.  =  Rev.  per  min.  of  compressor. 

H.P.  =  Indicated  amm.  H.P.  per  ton  of  refrigeration,    (From  Table) 
A.H.P.  =  Indicated  ammonia  H.P. 
S.H.P.  =  Indicated  Steam  H.P. 
B.H.P.  =  Belt  H.P. 
M.H.P.  =  H.P.  of  belted  motor  or  eng. 

C.F.R.  X  R.P.M. 

1.  Tons  Ref.  = -— 

C.F. 

2.  A.H.P.  =  Tons  ref.  X  H.P. 

3.  S.H.P.  =  A.H.P.  X  (1  +  per  cent  "steam"  friction). 

4.  B.H.P.  =  A.H.P.  X  (1  +  per  cent  "belt"  friction). 

5.  M.H.P.  =  B.H.P.  X  110  per  cent. 
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TABLE  6 

Capacities  of  V.  S.  A.  Enclosed  Type  Machines 


Cylinder 

Piston  Speed 
per  Minute 

Displacement 
per  Minute 

Cap 

acity 

n  Tons  per 

24  Hrs.,  185-Lb.  Condec 

sing 

j     6 

9 

12 

19 

24 

28 

33 

u 

1   lb. 

lb. 

lb. 

16  1b. 

lb. 

lb. 

lb. 

lb. 

o 

« 

3 

o 
3 

R  p  m. 

Feet 

Cubic 
inches 

Cubic 
feet 

-15° 

F 

-10° 
F 

-5° 
F 

0°F 

5° 
F 

10° 
F 

15° 
F. 

20° 
F. 

Refg. 

Refg.  Refg.    Ice 

Refg.'  Refg.J  Refg. 

Refg. 

Refg. 

1 

300 

150 

6,362 

3.68 

.47 

.51 

.65 

.47 

.75      .85'  0.96|   1.07    1.24 

1 

4 

4 

275 

183 

13,828 

7.99 

.98 

1.12 

1.35 

1.0 

1.6 

1.78    2.0      2.2 

2.6 

2 

4 

4 

275 

183 

27,646 

15.98 

1.96    2.24    2.7 

2.0 

3.2 

3.5      4.0 

4.4 

5.2 

2 

5 

5 

240 

200 

47,124 

27.3 

3.34]  3.84j  4.6 

3.3 

6.3 

5.97   6.8 

7.7 

8.85 

2 

6 

6 

220 

220 

74,644    43.2 

5.5 

6.6     7.6 

5.5 

8.8 

10.0    11.4    12.6 

14.5 

2 

7 

7 

210 

245 

113,146    65.6 

8.5 

10.2    11.9 

8.5 

13.6 

15.5  17.4  19.6    22.4 

2 

8 

8 

200 

266 

160,848    93.0812.2 

14.6  |16.9 

12.1 

19.5 

22.1    24.9    28.0   32.1 

2 

9 

9 

190 

285 

217,570125.8    16.6 

19.2  ^22.9 

16.6 

26.4 

29.8  '33.8    37.9    43.5 

2 

10 

10 

180 

300 

282,744  163.62  22.1 

26.1   j30.4 

21.9 

35.0 

38.8  '44.9    50.4    57.8 

2 

12 

12 

170 

340 

461,448 

267.04 

35.1 

41.9 

48.6 

35.0 

56.0 

63.4 

71.6 

80.3 

92.4 

Multiply  above  capacities  by  the  constants  given  below  to  obtain  capacities  at  different  con- 
denser pressures  given. 


Ammonia  Suction  Pressure 


Condenser 

Pressure 
Pounds, 

6  Lb. 

9  Lb. 

12  Lb. 

16  Lb. 

19  Lb. 

24  Lb. 

28  Lb. 

33  Lb. 

Gage 

200 

.975 

.969 

.975 

.977 

.978 

.977 

.976 

.977 

168 

1.029 

1.028 

1.028 

1 .  028 

1.02 

1.027 

1.026 

1.022 

153 

1.046 

1.049 

1.05 

1.05 

1.043 

1.05 

1.042 

1.042 
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TABLE  7 


Enclosed  Machine,  with  Oil  Separator,  Am- 
monia Condenser,  Receiver  and  Connections 


Heat  units  eliminated  hourly,  cooling  60  to  40 

deg.  F 

Ice-making  capacity  per  24  hrs tons 

Refrigerating  capacity  per  24  hrs tons 

Actual  horse  power  required 

Revolutions  per  minute 

Shipping  weight cwts. 

Shipping  measurement cu.  ft. 


Number  of  Machine 


00 


4000 


250 
4 
9 


8000 


n 

250 
6 
16 


16,000 
1 

2 
1 

2f 
200 
11 
35 


Number 

A 

B 

C 

D 

E 

F 

H 

J 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

00 

34 

53 

13 

lU 

2h 

12 

7i 

15 

0 

34 

89 

16 

141 

3 

18 

10 

18 

1 

54 

114 

18 

15 

4 

21 

12 

22 
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TABLE  8 
Arctic  Ice  Machine  Co.  Ammonia  Compressors 


Cylinder 
Size 

A 

B 

C 

D 

E 

F 

G 

H 

Inches 

Ft.     Ins. 

Ft.     Ins. 

Ft.     Ins. 

Ft. 

Ins. 

Inches 

Ft.     Ins. 

Ft. 

Ins. 

Ft.     Ins. 

9  xm 

13       8 

5     lU 

9       2 

9 

0 

12 

3       5i 

2 

u 

3       1 

10iXl5f 

15     lU 

7       2i 

10     Uh 

10 

0 

14 

4       Of 

2 

7i 

3     10 

12   X18 

17       31 

7     10/« 

11       31 

12 

0 

15 

4       41 

2 

91 

4       6 

13^X201 

19     11 A 

8     11 A 

12       5A 

12 

0 

22 

4     11 

3 

1 

4       9 

15   X22i 

22       2 

9       2 

14       8 

15 

0 

24 

5       5 

3 

7i 

5       0 

Floor  space  required  for  single-cylinder,  belted  compressors 


Cylinder 
Size    . 

A 

B 

C 

D 

E 

F 

G 

Inches 

Ft.  Ins. 

Ft.  Ins. 

Ft.  Ins. 

Ft.  Ins. 

Inches 

Ft.  Ins. 

Ft.  Ins. 

9  xm 

13       8 

8       8 

9       2 

9       0 

22 

3     lU 

3       1 

10^X151 

15     111 

9       21 

10     111 

10       0 

26 

4       61 

3     10 

12   X18 

17       3i 

10       91 

11       31 

12       0 

28 

4     101 

4       6 

13^X20i 

19     11 A 

11       31 

12       5A 

15       0 

28 

5       2 

4       9 

15   X22i 

22       2 

13       2 

14       8 

15       0 

40 

6       1 

5       0 

Floor  space  required  for  twin-cylinder,  belted  compressors 
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TABLE  9 
Arctic  Ice  Machine  Ammonia  Compressors 


h c 


QQ 


For  removing  piston 


^^^ 


-A-approx 


Cylinder 
Size 

Speed 

A 

B 

C 

D 

E 

F 

Inches 

Ft.     Ins. 

Ft. 

Ins. 

Ft.     Ins. 

Ft.     Ins. 

Ft.     Ins. 

Ft.  Ins. 

9   X13^ 

100-140 

14       8 

8 

2 

9       2 

7     10 

5       6 

3       1 

10iXl5| 

100-140 

16       7i 

9 

0 

10     lU 

8       6 

5       8 

3     10 

12   X18 

90-130 

18      0 

11 

0 

11       31 

10     10 

6       8i 

4       6 

13^X20i 

80-125 

19      3 

11 

3 

12       5,^ 

11       0 

6       9A 

4       9 

15   X22i 

75-120 

22       5 

13 

0 

14       8 

12       4 

7       9 

5       0 

Floor  space  required  for  Single-cylinder  Compressors  direct-connected 
to  synchronous  motors 


Cylinder 
Size 

A 

B 

C 

D 

E 

Inches 

Ft. 

Ins. 

Ft. 

Ins. 

Ft. 

Ins. 

Ft. 

Ins. 

Ft. 

Ins. 

9   X13^ 

14 

8 

9 

u 

9 

2 

5 

6 

3 

1 

IQiXlSf 

16 

7h 

9 

lU 

10 

lU 

5 

8 

3 

10 

12   X18 

IS 

0 

13 

2 

11 

3i 

6 

8i 

4 

6 

13|X20i 

19 

3 

13 

6 

12 

6 

9t% 

4 

9 

15   X221 

22 

5 

14 

4 

14 

8 

7 

9 

5 

0 

Floor  space  required  for  Twin-cylinder  Compressors  direct-connected 
to  synchronous  motors 
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TABLE  10 
American  Carbonic  CO2  Compressors 

---F-- 


Horizontal  Center  Crank  Type 

Refrigerating  Capacity,  3  to  10  Tons 

Size  in  Tons,  Refrig- 
erating Capacity 

A 

B 

C 

D 

E 

F 

Overall 
Height 

3  to     5 
6  to    8 
8  to  10 

Ft.      Ins. 
11        0 
14       3 
14       6 

Ft.      Ins. 
2       6 
2      11 
2     11 

Ft.      Ins. 
4      10^ 
6       91 
6      10^ 

Ft.      Ins. 

8        0 
10       0 
10       0 

Inches 

6;. 

7  2" 

Ft.      Ins. 
3       0 
5       0 
5       0, 

Ft.      In?. 

4  4 

5  6 
5       6 

---F-- 


Horizontal  Side  Crank  Type 

Refrigerating  Capacity,  10  to  150  Tons 


Size  in  Tons,  Refrig- 

A 

B 

C 

D 

E 

F 

Overall 

erating  Capacity 

Height 

Ft. 

Ins. 

Ft. 

Ins. 

Ft. 

Ins. 

Ft.      Ins. 

Inches 

Ft. 

Ins. 

Ft.     Ins. 

10  to     15 

17 

0 

4 

8^ 

15 

4 

12        0 

12 

6 

10 

7        5 

18  to    25 

19 

0 

5 

3 

17 

6 

14       0 

12 

7 

0 

7       7 

30  to     40 

21 

10 

5 

9? 

20 

1 

16       0 

17^ 

7 

11 

7     11 

45  to    65 

30 

0 

7 

1 

26 

10 

21        0 

20 

12 

0 

9       9 

70  to  100 

32 

0 

9 

0 

29 

9 

22        0 

26 

12 

0 

9       9 

125  to  150 

36 

6 

10 

0 

34 

6 

26       0 

30 

14 

0 

9       9 

Vertical  Type 

Refrigerating  Capacity,  15  to  180  Tons 

Size  in  Tons,  Refrig- 

A 

B 

C 

D 

E 

F 

Overall 

erating  Capacity 

Height 

Ft. 

Ins. 

Ft.      Ins. 

Ft.      Ins. 

Ft.      Ins. 

Inches 

Ft.     Ins. 

Ft.      Ins. 

15  to    25 

14 

6 

5       0 

3     10 

10       0 

11 

5       0 

6       8 

25  to    35 

15 

6 

5       0 

3      10 

10       0 

11 

5       0 

6       8 

40  to     50 

15 

0 

5       0 
Plus  12 

3       6 

10       0 

16 

5       0 

7       0 

60  to  100 

17 

6 

7       0 
Plus  18 

3       6 

12       0 

18 

5       0 

7        0 

120  to  180 

20 

0 

9       6 
Plus  20 

3       6 

14       0 

28 

5       0 

7       0 

78 


THE  COMPRESSOR 


i-H  l-H   i-H  C   ' 


w 

1-5 

fl,                                                                           -H  —  — 1 

ffi 

coo'*<roM««oooorotDX 

o 

^0«DCO«000000-hOOcDO; 

u< 

^•<J<M  too  0000  00(00  0  0 

w 

^oooooooooooo 

,->^OC<3'J't0t~O)CnO'>»<iO00O 
[l,rtrtrt-H,-Hrt^(N(N(N<NeO 

Q 

COtDOOtOtoOOOOOO 

O 

CO'*t~tOO-<'<J'>'3COtOOO 

*^eo-*'*'<«<>'5->j<"Oio«ot^oo 

m 

dcicot^-t^oooot-'Ooicoo 
*^(Nroroo5'»<'j<-*-*ooooo>-i 

<; 

dO'HC<5®oa!««®to«><D 

*"'-(C4'<J<iC<Ot~00OJN'Ot^X 
|i(i-(rH,-(i-<i-Hrt.-li-l(N(M<Ne^ 

03O(N(N-*..}<«5(000rtT}.T(< 

xxxxxxxxxxxx 

tOt~OOOC050>00— icc^o 

xxxxxxxxxxxx 

xoioONw^iotooooro 

-irHrti-HiHi-lrHr-INC^I 

COMPRESSOR   DETAILS 


79 


Vs  Q 


-9  >• 
J,  ^ 

C 
CO 


§ 

C  lO  lO  o  o  o> 
«  lO  t,  00  00  05 

hJ 

*^             ININIM 

Il4 

« 

C  TjiC^tOOOO 

•-5 

CCOOCOOO 
*^  O  ^  CO  lO  CD 

« 

,*^  Ol  IN  IN  eo  CO 

o 

dcD  coooo 

^^  <N  CO  CO  •*  CO 

b^ 

d 

COOcDO 
C0-l<-*iO 

H 

•goooooc<no 

Q 

^  CO  CC  O  CO  CO 

*^  CO  ■*  lO  "O  CO 
(in 

O 

*^  tc  T»<  lo  CO  r» 

« 

Ci  -^  COOcO  lO 
*^  <N  CO  CO  ■*  "3 

-< 

gtOOOCS'*" 
«  t^  O  -^  CO  T»< 

o 
o 

> 

C£ 

7  XIO 

8  X12 

9  X14 
10    X16 

H 


7  I 


■-  :?; 


w 


"OOOOiCOOO 


t^00  00  0i0>00 


O  COCOOCO  OiO 


CO  CO  CO -^  ■*  ■*  lO 


O  CO  CO  O  O  CO  OS 


O —1  M  CO  •*  •*  '1' 


OOCOcOcOCOO 


•-I  c^  CO  m  t^  00  o 


O'l'COOOCOCO 


C^  IN  C^  C^  CO  CO  CO 


COOt)<OcoOO 


^  O  "O  CO  CO  t~.  t^ 


03  ■<*i  00  •*  O  O  CO 


Tj"  m  "5  CO  t^  t^  t^ 


OCOOOCOCOO 


t>.  t>.  00  OS  O  •— O) 


t^'*ooooo  coo 


O  C-1  ■>)■  CO  00  -H  ■* 

XXXXXXX 

t^  00  o -H  CO  ■*  CO 


C3 

0> 

-1 

O 

3 

ria 

4) 

•£ 

O 

,r1 

-o 

Cli 

1* 

s 

en 

S 

e 

2 

bfl 

a 

c: 

a 

> 

t^ 

m  o 

n 

c 

§ 

!> 
o 

,a 

T) 

S 

ci 

§ 

e 

a 

c 

ja 

^ 

cil 

a 

(O 

T3T) 

a 

>> 

*j 

7* 

00 

J3 

"^ 

03 

M 

O 

pa 

bl 

oS 

g 

3 

3 

0) 

oir/j 

OS 

: 

■i^ 

W 

v 

- 

3 

OJD 

3 

o 

.2 

Q 

ffi 

^ 

- 

■O 

> 

c 

S 

o 
c 

(1> 

o 

d 

4) 

S 

3 

o 
Q 

Q 

i-i 

* 

80 


THE   COMPRESSOR 


O 


(S 

fl 

a 

o 

a 

0. 

< 

n 

Pi 

a 

(^ 

(U 

; 

^ 

> 

w 

w 

o 

UJ 

o 

Ti 

c 

■n 

^ 

«! 

a 

■e* 

-a 

M 

CO 

>H 

(rt 

c 

n 

f  1 

I— 1 

o 

-2^ 

a, 
O 

(in 

<: 
§ 

c3 

T1 

<1 

i 

<i5 

a 

W 

H 

(-1 

0-) 

O 

> 

-< 

1^ 

o 

(M 

C/J 

: 

r/) 

K 

> 

c 

W 
O 

o 
a 

-^  -d 


bl 

C 

oooooo 

U 

oooooo 

ll 

o 
a 

00_CD_iO_0_>0_0 
r£  (£  r^l '>\  t£  t^ 

^i 

w 

•^r^^o-xm 

(uPh 

a^- 

2 -a 

^ 

oooooo 

•p.SP 

K 

oooooo 

0  *■ 

H 

0_t-c<5CR0  0_ 

0. 

E 

oocC'^c^^n 

b 

Q 

i-l,-(<NC<3 

^ 

J3 

tT  lO  05  — '  CO  lO 

1     1     1     1     i     1 

(U 

Offi^t^cOtO 

m 

ffi 

a  m 

0  o 

23  o 

J3 

rt  -t-  o  00  o  c>) 

.-73 

-o 

1    1    1    1    1    1 

°" 

^ 

loiocor^oooi 

Cj     QJ 

O 

A 

o-< 

M 

o^  ^tooco 

c 
a) 
-1 

05  02  0C)  -t  -1< 

ja 

m 

(li 

00 
lO"-! 

O:  -^t^  »0  »0  00 

(U 

a 

S.S 

muStDOCOtO 

0! 

1  1 

m-^ 

3 

c  ?„ 

C 

.2  2" 

CO 

t. 

Si -a 

ca 

^ 

~  o 

a 

Cfi  11 

c 

a>  a 
M  o 

t^rjl^rt  coco 

-0 

5 

o 

i-KNCOmcDOO 

c 

"aj 

1^ 

tH 

m 

m 

Cm 

C 

o2 

W 

00  to  o)  03  to  r^ 

a)  C 

TUtOOO'N  coo 

'^1 

rtrt  C) 

^ 

1 

c 

u  «> 

0 

O 

0   fc, 
•13   =3 

, 

GJ 

u-a 

03 

3 

3  S 

02.2 

c 

bC  O 

O  (N  CO  OO  •*  C^l 

Q 

o 

co-^  »ooo^^  ■* 

S 

H 

^  ^^ 

(h 

Oi 

b 

a> 

o 

O  C-)  O)  ^  CD  CD 

u 

I 

n 

K 

c 

£ 

c 

73 

Kg 

lO  CD  CD  X  C:  O' 

c 

">. 

a 

c 

2 

a) 
E 

m 

'3 

O 

a) 

5 

a) 

E 

jo; 
a 

t^ao  cicgcco 

■13 

E 

CJ 

a 

<! 

C 

P 

">, 

o 

E 

e 

C  a; 
5t3 

*    *    .»! 

C 

^ll 

t^OOOOO)  r»< 

*— <  f— (  i-H 

c 

"& 

iCOO  lO 

oo"oo"-^"t>r 


C_r0O_O 
coo' -I-"  CO 


COOcdO 

J.  I   I   I 

O-H  irat^ 


COMPRESSOR  DETAILS 


81 


,-;  « 


Total 
Weight, 
Pounds 

oooooooooooooooooooooooo 
oooooooooooooooooooooooo 

^  r-H    GO   00   CO   CO   C^__  C^_^  lO^  i-O    O    O    >0   O   O    O    O    O    lO    >o    »o    o    o    o 

(m"  (m"  co"  co"  "*"  "*"  o"  o"  o"  o"  ^"  ^"  -t<~  «o  o"  ^"  c^"  lo"  t^"  00  oT  oo"  o*  lo" 

1 

>> 

COCDOOOO(M(MIN'#-*Tt^;OCOOOGO':t<'*000000(MCOO 
COCO<OCOi©i:D000000000000050300-*-*OOOOi.-i,-( 

^,Hi-t,-H,-Hr-l.-l,-((NC^ 

^     CO 

OOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOO 
O^^Ot^t^CJ^C^J^OOO^COLO^iOOLOOOOiOOOOOOO 

.-h"  i-T  ,-("  ,-<"  (m"  (m"  c^"  (m"  co"  •*"  ^"  Tt<"  o"  o  oo"  oT  o"  i-T  '^^  lo  CO  00  o"  »o 

c 

s 

ji 

Q 

"-3 

3 

Cubic 

inches  per 

min.-ton 

oooooooooooooooooooooooo 

•^Oi— iOOO>OCO(M03    0C^':OOiC2!MCO^^'0    0(MOOOr^ 
I^^OGOCOOCOCOrt<iMCO(MC^IC^1^10'-iiMC^'-'0000 

Cubic 
feet  per 
minute 

C^Ot^COiOiO           C^C^QO           ooo          ^ 
O-*C0!MOOt^C^MiCC0C0OTt<C^00i005«ri0i-Hi0-<*(N 

COCO'#Ot^t^t:-C5CS(MLOCOGOC<lQ005000iOCOC005'*iO 

r-l^rHr-H^rsJC<l(NCOlO>OlOCDOt^OO 

„    9    <v    oooooooooooooooooooooooo 

.B     '^  -^     (NI^iOiOOOOOOOOOOOOOOOOOOOOO 

3    ^  .S    to"  >o  t--"  o"  co"  co"  co"  o  r4"  ^"^  -o"  CO  (m"  oo"  00  ^^  o"  o6~  o"  i-T  cT  o"  oo  r^' 

Otic                            rHrHi-Hrn— iC<lc^(M(MC0C0'*»O(l0000iOO(M(M-* 

g       •-                                                                                                                                                                                                                   I-H     1— 1     I— 1     I— (     I— 1 

Horse 

Power 

per  Ton 

t^OcD^                   O                           (MCO'*iOCO(M(N 

•oiooi-oooiooooot^oooo'Oioio^eocococ^iooo 

C^(NC^(M(M(M(MC^rH^,-HrH,-l^,-l^,-(,-H,-H,-(,-H,-H,-HT-l 

Total 
Horse 
Power 

t^OO>0    000<0"OOi.OOOOO>COOOOLOOOiO 

'-HrHr-l(^^c^!^^(^^(^^coco■^Tt^Loot^ClO^(^^colCO^^ 

1-1     --H     T-l     1-1     r-l     (M     (N 

a 

OiOiOOOOOOO'-O'O'OOOOO'OiOLOiOUtiOOO 
C^C00i^H^^^OO0500050500C3t^t—    1>OOCDCC>OCOO 

i-H     ,— (                1— 1     1— 1     I— 1 

Diameter 

of  Piston 

Rod, 

Inches 

inltH    .HH    H|(«    r^lM    HOO    rt[oO    ^|-*    fH|-.i«    rtl-*ll    m\'^    Wi'*    rj^                               «|«    MtOO    PSiOO                                                          «|-^    «|'^    Ml^ 

o 

H'*  '-'!-*  ^IN  «!■*  t-loo  r-Ioo            ^I-*  ^IN  inloo  w|-*  Hoo  ^hf  psIoo            <-'|oo  «!■*  ^i^  .h[n  nhK            «!■*            hIc^ 
C^!N(N(M<MCQC0C0C0eQC0C0-*-*iCiCiOOc0c01>l>0000 

G 
O 

H 

COTt^^O<£>t^OOO(^5lOOOO(^|lOOOOOOOOOOOO 

^rH^^c^iiMC^teo-^ioot^oocioc^coio 

T— 1      I— 1      1— 4      1— 1 

o 

is 

CO<©050500^rHTjHTt<Tt<Tt<;0<r)000-*Tf*T}<'<J<000000 

CHAPTER  III 
THE  ABSORPTION  REFRIGERATING  MACHINE 

Histofy  and  Development. — The  absorption  machine  was  one  of  the 
first  forms  of  refrigerating  devices.  It  is  based  on  an  entirely  different 
principle  from  that  of  the  compression  machine,  namely  that  of  driving 
a  gas  out  of  solution  by  the  direct  application  of  heat  and  (after  evapora- 
tion in  the  refrigerating  coils)  of  absorbing  this  gas  into  solution  again 
in  order  to  complete  the  cycle.  The  first  mention  of  such  a  method  is 
that  by  Professor  Leslie  who,  about  1810,  described  a  laboratory  method 
of  making  ice  by  freezing  water  in  a  saucer  placed  in  a  receiver  under  a 
vacuum — the  water  vapor  as  it  boiled  off  under  the  low  pressure  main- 
tained in  the  receiver  being  absorbed  by  sulphuric  acid  in  another 
saucer.  Much  later,  in  1878,  Windhauser  made  a  complete  cycle, 
using  heat  to  drive  the  water  out  of  solution  and  to  obtain  a  concen- 
trated solution  again.  Edmund  Carre  ^  in  1850  developed  a  small 
sulphuric  acid  refrigerating  machine  of  the  intermittent  type,  and  the 
ammonia  absorption  machine  of  the  present  day  is  the  old  Carre 
perfected. 

The  Modern  Design. — In  the  ammonia  absorption  machine,  the 
generator  (Fig.  55)  contains  a  concentrated  solution  of  ammonia  and 
water  and  heat  is  appHed^  by  means  of  steam  coils  submerged  in  the 
solution.  The  gas  driven  off  is  later  condensed  in  an  ordinary  ammonia 
condenser  and  on  evaporation  in  the  refrigerating  coils  is  reabsorbed  in 
the  absorber  (Figs.  56  and  57).  The  absorption  medium  is  the  weaker 
aqueous  solution  of  ammonia  from  the  generator,  which  has  to  be  cooled 
to  some  temperature  in  the  neighborhood  of  100  deg.  F.  or  lower  in 
order  to  work  with  concentrations  required  in  the  present  practice. 
In  1870  Mart  devised  the  economizer  or  exchanger  (a  modern  design  of 
which  is  shown  in  Fig.  58)  whereby  this  weaker  solution  was  cooled  by 
a  counter  current  flow  exchange  of  heat  with  the  stronger  and  colder 
solution  from  the  absorber.     This  operation  permitted  the  stronger 

*  Described  by  Dr.  John  Hopkinson  in  1882  before  the  Society  of  Arts.  Such  an 
ice  plant  made  about  12  tons  of  ice  per  24  hours  in  650-lb.  blocks. 

*  In  the  household  refrigerating  machine,  gas  or  electric  resistance  coils  provide 
the  necessary  heating. 
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solution  to  return  to 
the  generator  at  as  high 
a  temperature  and  the 
weaker  sokition  to  ar- 
rive at  the  absorber  at 
as  low  a  temperature 
as  possible.  The  ab- 
sorption machine  de- 
vised by  Pont  if  ex  and 
Wood  in  1876  included 
the  analyzer  containing 
traj^s  invented  by  Reece 
to  separate  from  the 
vapors  leaving  the 
generator  some  of  the 
5  to  15  per  cent  of 
water  vapor  which  is 
present  in  the  ammonia 
vapor  as  well  as  the 
particles  of  liquid  (prim- 
ing) which  are  carried 
on  by  the  action  of 
boiling  in  the  genera- 
tor. The  analyzer  is 
really  a  part  of  the 
generator,  but  it  is 
omitted  in  some  de- 
signs. At  present  a 
rectijier  (or  dehydrator) 
is  also  used  in  order  to 
condense  out  as  much 
of  the  water  vapor  as 
can  safely  be  attempted 
by  cooling  these  gases 
in  a  sort  of  water- 
cooled  pre-cooler  or 
preliminary  condenser 
where  only  part  of  the 
superheat  in  the  am- 
monia is  taken  away. 
A  liquid  pump,  the  only 
moving     part    of     the 
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Perforated  pipe 


Mixture  of  gas  and  Aqua 


-Weak  Aqua  from  generator 


machine,  returns  the  strong  aqua  to  the  generator,  the  complete  cycle 
being  shown  in  Fig.  59. 

The  absorption  machine  has  never  been  very  popular  in  the  United 
States  for  general  refrigeration  (but  much  more  so  than  in  Great  Britain) 
although  in  special  work  it  has  certain  advantages  over  the  compres- 
sion type:  for  example,  those  plants  having  a  large  amount  of  exhaust 
steam  for  which  no  other  use  can  be  found  frequently  can  use  the 
absorption  in  preference  to  the  compression  machine.  This  appears 
to  be  the  case  in  oil  refineries  and  (to  some  extent)  in  packing  plants, 
where  usually  exhaust  steam  is  plentifully  available.  The  use  of  high- 
pressure  steam  in  the  coils  of  the  generator  is  now  no  longer  advocated 

although     many     such     plants  , 

.  -^  '^  Ammonia  gas 

were  installed  up  to  about  1915.  from  expansion  coils 

The  use  of  the  absorption 
machine  for  the  production  of 
low  temperatures  is  now  no 
longer  necessary,  although  for  a 
long  time  low  temperature  work 
was  considered  the  field  for  the 
absorption  machine  only .  In  this 
respect  it  should  be  noted  that 
the  absorber  liquefies  and  then 

absorbs  the  gas  from  the  evaporating  coils  and  is  in  no  manner  afTected 
by  the  pressure  exerted  by  the  gas  (and  in  consequence  the  specific 
volume  of  this  gas)  provided  the  pipe  from  the  evaporator  to  the  absorber 
is  large  enough  to  accommodate  the  increased  volume  at  these  low 
pressures,  and  that  the  absorber  can  spray  the  entering  gas  properly 
with  the  weak  solution.  The  specific  volume  of  the  ammonia  therefore 
is  not  an  important  factor  in  the  absorption  machine,  though  it  is 
extremely  important  in  the  compression  type,  both  because  of  the 
piston  displacement  required  and  also  because  of  the  decreased  volu- 
metric efficiency  occasioned  by  the  cylinder  walls  and  ports.  As  stage 
ammonia  compression  has  been  developed  so  that  it  can  take  low 
temperature  refrigeration  with  economy  the  use  of  the  absorption 
machine  for  low  temperature  work  is  no  longer  necessary,  with  the 
result  that,  as  mentioned,  the  best  field  for  this  machine  is  where  exhaust 
steam  would  otherwise  be  thrown  away. 

The  principle  of  the  operation  of  the  absorption  machine^  is  the 
ability  of  water  to  absorb  large  quantities  of  ammonia — as  much  at 


Fig.  57. — Weak  Aqua  and  Gas  Mixer. 


3  The  values  of  the  p,  (,  x  relations  of  aqua  ammonia  are  given  by  Thomas  Wilson 
in  Bulletin  No.  146  of  the  Engineering  Experiment  Station  of  the  University  of 
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times  as  1000  volumes — depending  in  amount  on  the  temperature  and 
the  pressure  of  the  solution  (Table  18).  For  example  a  concentration 
of  42.5  per  cent  is  obtained  in  the  absorber  under  a  pressure  of  35  lb. 
abs.  (20  lb.  gage)  and  80  deg.  F.,  whereas  at  a  temperature  of  200 
degrees  and  a  pressure  of  165  lb.  abs.  (150  lb.  gage)  the  maximum 
concentration  that  can  be  held  in  solution  is  35.5  per  cent,  and  the 
difference,  7.0  per  cent,  will  represent  the  amount  to  be  boiled  out  of 
solution  in  the  generator. 

Action  of  the  Generator. — The  action  in  the  generator  is  not  as 
clearly  understood  as  it  might  be,  but  the  following  explanation  is  at 

Rich  liquor  inlet       ^Weak  liquor  outlet 
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Fig.  58. — The  Exchanger. 


least  reasonable.     The  heat  supplied  by  the  steam  in  the  steam  coils 
can  be  considered  to  cause  the  following  action : 

1.  To  break  up  the  bond  of  association  between  the  ammonia  and 
the  water. 

2.  To  cool  the  resulting  anhydrous  ammonia  to  the  temperature 
corresponding  to  saturation  for  the  pressure  at  hand. 

Illinois.     The  equation  connecting  these  variables  is  given  by  G.  A.  Goodenough  as, 

e_ 1 

T  ~  I  +  0.70356(1  -  x') 

z  =  Vx  +  0.05(1.347  -  2.9x  +  1.77x2) 

9  =  the  temperature  of  saturated  ammonia  vapor,  deg.  abs. 
T  =  the  temperature  of  ammonia  solution,  deg.  abs 
X  =  mol  concentration  of  ammonia. 
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130  140  150  160 

Temperature  in  degrees  fahrenheit 

Flo.  60. — Chart  of  Properties  of  Aqueous  Solutions  of  Ammonia. 


ACTION  OF  THE  GENERATOR  89 

3.  To  vaporize  the  liquid  ammonia. 

4.  To  heat  the  entering  strong  aqua  from  the  absorber  and  the 
exchanger  to  the  temperature  of  the  generator,  and,  finally, 

5.  To  evaporate  a  certain  amount  of  water  vapor  which  passes  off 
into  the  rectifier  with  the  vapor  boiled  off.  The  heat  of  solution  is 
given  by  the  formula  "* 

q  =  345(1  -  x)  -  400x2 

where  x  is  the  average  concentration  of  the  solution.     The  following 
problem  will  bring  out  the  method  of  calculation. 

Problem. — A  strong  aqueous  solution  enters  the  generator  at  160  deg.  F.  and  a 
concentration  of  35  per  cent,  and  the  temperature  of  the  solution  in  the  generator 
is  215  degrees.  The  weak  aqua  leaving  the  generator  has  a  concentration  of  30 
per  cent  and  the  pressure  in  the  generator  is  145  lb.  per  square  inch.  Water  vapor 
to  the  amount  of  7.4  per  cent  is  boiled  off  with  the  ammonia. 

The  amount  of  strong  aqua  necessary  to  be  circulated  in  order  to  boil  off  one 
pound  of  ammonia  is  given  by  the  relation, 


(71  -  l).r2  =  1 


where  Xi  =  the  concentration  of  the  strong 
X2  =  the  concentration  of  the  weak 


and  therefore 


1-2-2        1.0  -  0.30 

n  =  =  =  14.0  lb. 

xi  -  xi       0.35  -  0.30 


The  heat  supplied  by  the  steam  coils  in  the  generator  then  becomes: 

a.  Heat  of  disassociation 

q  =  345(1  -  x)  -  400x2  =  345  ^  0.675  -  400  X  0.3252  =  190.8  B.t.u. 
per  1.0  lb.  ammonia  l)oiled  out. 

h.  Heat  necessary  to  cool  the  liquid  ammonia  from  215  to  76.8  deg. 
=  -  305  +  128.4  =  -  176.6  B.t.u. 

c.  Heat  necessary  to  vaporize  the  ammonia  (at  145  lb.) 

=  501.9  B.t.u. 

d.  Heat  necessary  to  superheat  this  gas  to  215  degrees 

=  88.3  B.t.u. 

e.  Heat  required  to  raise  the  temperature  of  the  entering  strong  aqua* 

=  1.132  X  (215  -  160)  X  14.0  =  871  B.t.u. 
/.   Finally  the  heat  necessary  to  boil  off  0.074  lb.  of  water  vapor  at  215  deg.  F.  is 
=  0.074  X  969.9  =  71.8  B.t.u. 

*H.  Mollier,  V.  D.  I.,  1907.     Goodenough,  Principles  of  Thermodynamics. 

^Ammonia  will  begin  to  boil  off  at  192  deg.  F. 
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TABLE  16 
Table  of  Capacities  and  Surfaces  in  Tons  of  Refrigeration 
Square  feet  of  surface  in  Generator,  Absorber,  and  Cooling  Water  per  ton  of  Refrigera- 
tion under  varying  temperatures  and  pressures.     Also  Standard  and  Minimum 
steam  pressure  on  Generator  and  factors  for  determining  required  ice  making  sur- 
faces of  Con.,  W.  L.  Coolers,  Exch.  and  Rect.  from  given  refrigerating  cajiacity. 


Cooling 

Water  55  Deg.  F. 

Cooling  Water  60  Deg 

F. 

Tons  R 
Factor  ~ 

Generator 

Absorber,  square 
feet  per  ton 

3 

S 

Generator 

Absorber,  square 
feet  per  ton 

a 

3 

a 

a 
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of  ice 

^ 

0) 

a 

a 

ca 

CD 

a 

ft 

ki 

£    1  a 

3 

^ 

a 

ea  a 
a  o 

ft 

0 

P. 

V 

a 

3 

a 

a  a 

3 
3 

+3 

U 

o 

d 

S 

ft 

a) 

3 

3 
3 

o 

<u 

cS 

Si 
so. 

0 

a 

V 

<u 

(U 

cj 
3 

a* 

ft 

a 

O 

"°ft 

Ph 

S3 

O 
N 

O 

ft 

'5. 
1 

ft 

o 
ft 
B 
< 

o 
>> 

Q 

Q 

1° 

O 

o 

3 

c 

ft 

a 

ca 

(U 

c3 

3 
O 

'u, 
O 

W 

ft 
ft 

3 

<0 

o 
o 

a 
< 

"S 

o 
>. 

Q 

•a 

a 
53  ft 

0 

0 
0 

0 

•a 
a 

15 

Std. 

14.5 

3.0 

29 

22 

14 

18 

16 

6.0 

2.00,14.0 

5.0 

30 

23 

15 

19 

17 

7.0 

9    9t; 

0 

Min  15.5 

1.0 

30 

23 

15 

19 

17 

6.5 

2.2515.0 

3.0 

31 

24 

16 

?,0 

18 

7.52. 50 

10 

.Std.  U.5 

3.0 

29 

22 

14 

18 

16 

6.0 

2.0014.0 

5.0 

30 

23 

15 

19 

17 

7.0|2.25 

0 

.Min.  15.5 

1.5 

30 

23 

15 

19 

17 

6.5 

2.2515.0 

3.0 

31 

24 

16 

20 

18 

7.5  2.50 

f) 

.S(d.   U.5 

3.0 

30 

22 

14 

18 

16 

6.0 

2.0014.0 

5.0 

31 

23 

15 

19 

17 

7.02.251  ,    - 
7.52.50   (  ^■" 

u 

Min,  15.5 

2.0 

31 

23 

15 

19 

17 

6.5 

2.2515.0 

3.0 

32 

24 

16 

20 

18 

1./5 

1.V5 

0 

Std.  14.5 

3.6 

30 

23 

15 

19 

17 

6.5 

2.2514.0 

5.0 

31 

24 

16 

20 

18 

7.5  2.25 

Min.  15.5 

2.5 

31 

24 

16 

20 

18 

7.0 

2.5015.0 

3.5 

32 

25 

17 

21 

19 

8.0'2.50 

0 

Std.  15.0 

4.5 

31 

23 

15 

19 

17 

6.5 

2.2514.5 

6.0 

32 

24 

16 

20 

18 

7.52.75 

6 

Min  16.0 

3.0 

32 

24 

16 

20 

18 

7.0 

2.5015.5 

4.5 

33 

25 

17 

21 

19 

8.02.50 

u 

Std.  15.0 

5.5 

31 

23 

15 

19 

17 

6,5 

2.2514.5 

7.0 

32 

24 

16 

20 

18 

7.5,2.75 

10 

Min   16.0 

3.5 

32 

24 

16 

20 

18 

7.0 

2.5015.5 

5,0 

33 

25 

17 

21 

19 

8.0:2.75 

0 

Std.  15.0 

6.0 

32 

24 

16 

20 

18 

7.0 

2.50,14.5 

8.0 

33 

25 

17 

21 

19 

8.03.00 

b 

.Min.  16.0 

4.0 

33 

25 

17 

21 

19 

7.5 

2.7515.5 

6.0 

34 

26 

IS 

22 

20 

8.5  2.75 

0 

Std.  15.0 

/.5 

33 

6* 

19 

2.5014.5 

10.0 

34 

6* 

20 

....  3 . 00 

1 

Min. 16.0 

5.0 

34 

7* 

20 

2.7515.5 

1 

7.5 

35 

7* 

21 

Water  run  in  series  Fig.  Abs.  10  deg.  higher.     Water  run  in  series  Fig.  10  deg.  higher  on  abs. 


m 


15  Std. 

0;Min 
lOiStd. 

OlMin 

5Std. 

OMin 

O'std. 
iMin 

OlStd. 

5!Min 

OlStd. 
lOMin 

o'Std. 
15,Min 

OStd. 
20Min 


Cooling  Water  65  Deg.  F. 


Generator 


02 


13.5 

14.5 

13.5 

14.5 

13.5 

14.5 

13.5 

14.5 

14.0 

15.0 

14.0 

15.0 

14.012 

15.01  8 

14.014 

15.010 


Absorber,  square 
feet  per  ton 


u, 

a 

3 

-1 

0 

<u 

a 

D 

ja 

ft 

ft 

0 

ft 

0 

'^ 

ft 

0 

3 

a 
< 

— 



— 

2018 

21J19 

20|18 

21119 

2018 

2l|l9 

2119.0 

22:20.0 

2119.0 

2220.0 

2219.0 

23:20 . 0 

22  20.0 

2321.0 


Cooling  Water  70  Deg.  F. 


Generator 


w 


S.02 
8 .  5l3 
8.0:2 

8.53. 
8.0'2. 
8.5'3. 
8.53. 
9.03. 
8 .  5I3 . 
9.03. 


7513.0  9 

0014.0  6 

7513.0  9 

0014.0  6 


9.0 
9.5 
9.0 
9.5 


13.010 
14.0  7 
13.010 
14. Oj  7 
I3.0I12 
14.51  9 
13.513 
14.510 
13.514 


14.5 
13.5 
14.5 


a 

OJ  C 
<y  o 


Absorber,  square 
feet  per  ton 


5;  9.5 
510.0 
5|  9.5 
510.0 
5  9.5 
510.0 
010.0 


O 


.010.513.75 
.010.03.50 
.010.53.75 
.0:10.53.50 
,011.03.75 


11.0 
11.5 


tons 
of  ice 


c3  ft 

_;a 


1.75 


*  Use  Dry  Abs.  of  surf,  indicated  in  connection  with  Hor.  Tub.  Surf,  for  ~15  deg.  brine. 
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TABLE  1(5— Continued 


Cooling 

Water  75  Deg.  F. 

Cooling  Water  80  Deg.  F. 

Tons  R         tons 
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Absorber,  square 
feet  per  ton 

3 
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in 
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o 
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O 

15 
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10 

31 

28 

20 

oo 

23 

11 

0 

3.7513.0 

15 

32 

31 

22 

24 

26 

13.04.75 

0 

Min. 
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8 

32 

29 

21 

23 

24 

11 

5 

4.00,14.0 

13 

33 

32 

23 

25 

27 
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10 

SfH. 

12.5 

10 

31 

28 

20 

'>•> 

23 

11 

0 
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15 

32 

31 

22 

24 

26 

13.04.75 

n 
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13.5 

s 

32 

29 

21 

23 

24 

11 

5 

4.0014.0 

13 

33 

32 

23 

25 

27 

13.5  5.00 

5 

Stfi. 

12.5 

10 

32 

28 

20 

23 

23 

11 

0 

4.00,13.0 

15 

33 

32 

22 

24 

26 

13.55.00 

1                    1 

n 

Min. 

13.5 

8 

33 

29 

21 

24 

24 

11 

5 

4.2514.0 

13 

34 

33 

23 

25 

27 

14.05.25 

!" 

Std. 

13.0 

12 

32 

29 

21 

23 

24 

11 

o 

4.0013.0 

IS 

33 

32 

23 

25 

27 

13.5,5.00 

\ 

Min, 

U.O 

9 

33 

30 

22 

24 

25 

12 

0 

4.25,14.0 

15 

31 

33 

24 

26 

28 

14.05.25 

0 

Std. 

13.0 

12 

32 

29 

21 

24 

24 

11 

5 

4.25  13.5 

20 

33 

33 

23 

25 

27 

14.05.25 

5 

Min 

14.0 

10 

33 

30 

22 

25 

25 

12 

0 

4.5014.5 

16 

34 

31 

24 

26 

28 

14.5i5.50 

0 

Std. 

13.0 

14 

33 

30 

22 

24 

25 

12 

0 

4.2513.5 

21 

34 

33 

24 

26 

28 

14.5  5.50 

in 

Min. 

14.0 

12 

34 

31 

23 

25 

26 

12 

5 

4.5014.5 

17 

35 

34 

25 

27 

29 

15.0!5.75 

0 

Std. 
Min. 
Std. 
Min. 

13.5 
14.5 
13.5 
14.5 

15 
13 
17 
15 

34 
35 
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36 

6* 
7* 
6* 
7* 

23 
24 

25 
26 

25 
26 

12 
13 

5 
0 
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4.7515.0 
4.7514.0 
5.0015.0 

22 
18 
24 
20 

35 
36 
36 
37 

6* 

7- 
6* 
7* 

5.75 
6.00 
6.00 
6.25 

It 

n 

'>n 

Water  run  in  series  Fig.  Abs.  10  deg.  higher.         Water  80  deg.  to  Absorber. 


Cooling 

Water  85  Deg 

.  F. 

Cooling 

Water  90  Deg.  F. 

Generator 

Absorber,  square 
feet  per  ton 

3 
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0 
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"a 
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33 

34 

25 

26 

30 
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28 

34 

39 

29 

30 

35 

18 

7.5 

0 
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IK 

34 

35 

26 

27 

31 

16 
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25 

35 

40 

40 

31 

36 
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10 

Std. 
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20 

33 
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26 

30 

15 

6.013.5 

28 

34 

39 

29 

30 

35 

18 

7.5 

0 

Min. 
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18 

34 
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31 

16 

6.514.5 

24 

35 

40 

30 

31 

36 

19 
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5 

Std. 

13.5 

21 

34 

34  26126 

31 

15 

6.5!l3.5 

30 

35 

39 

30 

31 

36 

18 
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Min. 

14.5 

18 

35 

35  27127 

32 

16 

7.0114.5 

26 

36 
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31 

32 

37 

19 

8.5 

0 

Std. 

13.5 

23 

35 

35  26|27 

31 

16 

6.514.0 

32 

36 

40 

30 

31 

36 

19 

8.0 

}..» 

1.9 

1.9 

Min. 

14.5 

20 

36 

36I27I28 

32 

17 

7.015.0 

28 

37 

41 

31 

32 

37 

20 

8.5 

0 

Std. 

14.0 

25 

36 

352727 

32 

16 

7.014.0 

34 

37 

40 

31 

32 

37 

19 

8.5 

5 

Min. 

15.0 

22 

37 

36  28  28 

33 

17 

7.5il5.0 

30 

38 

41 

32 

33 

38 

20 

9.0 

0 

Std. 

14.0 

30 

37 

36  27128 

32 

17 

7.014.5 

40 

38 

41 

33 

33 

37 

20 

8.5 

10 

Min. 

15.0 

26 

38 

37  28  29 

33 

18 

7.515.5 

36 

39 

42 

34 

34 

38 

21 

9.0 

Water  85  deg.  to  Absorber.  Water  90  deg.  to  Absorber. 

*  Use  Dry  Abs,  of  gurf.  indicated  in  connection  with  Hor.  Tub.  surf,  for  —  10  deg.  brine. 
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TABLE  16— Continued 


Temperature  of  Water,  Degrees. 


Type 


Condensers: 
Good  water  ® 
Double  pipe . 

Bad  water  © 
Atmospheric . 


Good  water  © 

Horizontal  tabular 

Where  have  less  room 
Good  water  © 

Multitube 


Weak  liquor  cooler: 
Good  water  © 
Double  pipe .  . 


Bad  water  ® 
Atmospheric . 


Good  water  © 

Multitube 

Where  less  space 
Distilled  water  cooler: 
Double  pipe 


Ice 
Ref. 

Ice 
Ref. 

Ice 
Ref. 

Ice 
Ref. 


Ice 
Ref. 

Ice 
Ref. 

Ice 
Ref. 

Ice 


55        60        65        70        75        80 


85 


90 


Surface,  Square  Feet  per  Ton 


15.0 


30.0 
17.6 

17.0 
10.0 


5.0 
2.9 


5.66 
3.33 

5.5 


16.5 
9.7 

44.0 
26.0 

34.0 
20.0 

18.5 
10.9 


5.5 
3.3 

11.0 
6.5 

6.16 
3.62 

6.0 


18.0 
10.3 

47.0 
27.0 

38.0 
21.7 

20.0 
11.4 


6.0 
3.5 

11.75 
6.9 

6.66 
3.80 

6.4 


19.5 
11.3 

50.0 

28.2 

42.0 
24.0 

21.5 
12.3 


6.5 
3.8 

12.50 
7.35 

7.16 
4.1 

6.8 


21.0 
11.5 

53.0 
29.6 

46.0 
25.2 

23.0 
12.6 


7.0 
4.1 

13.25 

7.8 

7.66 
4.2 

7.2 


23.0 
12.6 

57.0 
31.2 

50.0 
27.5 

25.0 
13.8 


7.5 
4.4 

14.25 

8.4 

8.33 

4.58 

7.6 


25.0 
13.2 

61.0 
33.0 

54.0 
29.4 

27.0 
14.2 


8.3 
4.9 

15.25 
9.0 

9.0 
4.74 

8.0 


28.0 
14.7 

65.0 
35.0 

60.0 
31.6 

30.0 
15.8 


9.3 


16.25 
9.6 

10.0 
5.26 

8.5 


Horizontal 
multipass 
brine  cooler. 


Exchanger. 


Rectifier. 


Brine  Temperature,  Degrees  F. 
Range  =  Appro.ximately  10  Deg. 


+  10 


-5       -10      -15 


Surface  per  Ton  Refrigeration 


11  12  14  15  16 


Note 
For    single    pass    brine 
coolers     for     ice     making 
tanks,   use  35  sq.  ft.  per 
ton  ice. 


Double  pipe  =  9.2  sq.  ft.  per  ton  ice. 
Double  pipe  =  5.3  sq.  ft.  per  ton  ref. 


Takes  up  more  room. 
Use  on  units  of  25  tons 
ice  or  less. 


Multitube  =  10.56  sq.  ft.  per  ton  ice.     Takes  up  less  room. 
Multitube  =    5.86  sq.  ft.  per  ton  ref.     Use  on  units  over  25  tons 

ice. 


Double  pipe  =  4.86  sq.  ft.  per  ton  ice. 

Double  pipe  =  2.85  sq.  ft.  per  ton  ref.     Same  as  for  Exchanger. 


Multitube  =  6.6    sq.  ft.  per  ton  ice. 
Multitube  =  3.9    sq.  ft.  per  ton  ref. 


Same  as  for  Exchanger. 


ACTION  OF  THE  GENERATOR 
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TABLE  m— Continued 
Ammonia  Pumps 


Capacity,  Tons 

Capacity  in  Pounds 

Floor 

Size 

at  28  Deg.  B. 

Aqua  Ammonia  per 

Minute,  36  r.p.m. 

Ice 

Ref. 

Space, 
Inches 

St. 

NHa     Stroke 

Cyl. 

Cyl. 

7 

13 

6 

X   2f    X 

8 

26.2 

12X56 

10 

IS 

8 

X  3i    X 

8 

63.4 

12X56 

12 

21 

8 

X  3^    X 

8 

75.1 

12X56 

15 

26 

8 

X  3k   X 

12 

92.2 

19X80 

18 

31 

8 

X  3J   X 

12 

108.7 

19X80 

25 

46 

10 

X  41  X 

12 

163.4 

19X81 

30 

52 

10 

X  4|    X 

12 

184.9 

19X81 

40 

73 

12 

X  51    X 

12 

256.6 

20X81 

45 

80 

12 

X  5^    X 

12 

283.0 

20X81 

50 

96 

14 

X  6     X 

12 

339.5 

21X83 

60 

114 

14 

X  6^   X 

12 

400.8 

21  X83 

100 

200 

16 

X  7^    X 

16 

705.2 

27X97 

130 

228 

16 

X  8     X 

16 

806.4 

27X97 

130 

228 

18 

X  8     X 

16 

806.4 

29X97 

The  total  heat  absorbed,  per  1.0  lb.  of  ammonia  boiled  off,  =  1547.2  B.t.u.  In 
the  rectifier  the  water  content  will  be  reduced  to  0.2  per  cent  and  the  difference, 
7.2  per  cent,  will  be  condensed  and  will  form  a  strong  aqua  of  68  per  cent  concentra- 
tion. There  will  be,  then,  a  return  to  the  generator  of  15.3  per  cent  of  ammonia, 
and  the  value  1547.2  [neglecting  the  action  of  the  strong  aqua]  must  be  increased  to 

1547.2 

=  1827  B.t.u.     Under  standard  conditions  of  operation  (5  deg.  F.  and  145 

0.847 

lb.  abs.  in  this  case)  0.412  lb.  of  ammonia  per  minute  are  required  or  0.412  X  1827 


=  753  B.t.u.     If  each  pound  of  steam  supplies  964  B.t.u.  then 


753  X  60 
964 


=  46.9  lb. 


of  steam  at  6.0  lb.  gage  pressure  would  be  required  per  ton  of  refrigeration  per 
hour,  an  amount  somewhat  greater  than  that  given  in  the  tables  of  capacities  and 
surfaces  and  used  in  the  .specification  of  absorption  machines.  It  will  he  noted  that 
the  value  46.9  can  be  reduced  by  using  a  greater  difference  in  the  concentrations  either 
by  means  of  a  higher  steam  pressure  or  a  colder  cooling  water  in  the  absorber.  The 
fact  that  water  boils  as  well  as  ammonia  causes  some  operating  difficulties  and 
necessitates  the  use  of  a  rectifier  which  functions  as  a  precooler  but  is  carefully 
operated  so  as  to  remove  part  and  not  all  of  the  superheat,  thereby  reducing  the 
temperature  of  the  gas  to  a  point  where  the  greater  part  of  the  water  vapor  will 
condense  out.  This  action  as  well  as  the  action  of  the  entire  cycle  is  well  described 
in  Bulletin  No.  146  of  the  Engineering  Experiment  Station,  University  of  Illinois, 
a  part  of  which  is  abstracted  in  the  following. 
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APPLICATION  TO   AMMONIA  ABSORPTION  PROCESS 

[From  Bulletin  No.  146,  University  of  Illinois  Experiment  Station] 

Problem. — The  use  of  the  tables  and  diagrams  can  be  brought  out  best  by  a 
study  of  the  operation  of  an  ammonia  absorption  refrigerating  machine.  In  order 
to  avoid  indefinite  generalities  a  particular  case  will  be  taken. 

In  this  problem  the  ammonia  solution  enters  the  generator  with  a  concentration 
of  35  per  cent,  and  leaves  after  the  boiling  off  of  the  ammonia  with  a  reduced  con- 
centration of  25  per  cent.  The  condenser  pressure  is  150  lb.  per  square  inch  absolute, 
which  will  be  taken  as  the  generator  pressure  likewise.  The  average  concentration 
in  the  generator  may  be  considered  as  30  per  cent.  The  given  generator  pressure 
will  be  reached  v.'hen  the  solution  has  been  heated  to  217.4  deg.  F.  (Fig.  60)  by  the 
steam  admitted  to  the  heating  coils.  Under  these  conditions  the  vapors  leaving 
the  generator  will  show  a  water  content  of  7.4  per  cent,  corresponding  to  a  partial 
pressure  of  11.10  lb.  for  the  water  vapor  and  138.9  lb.  for  the  ammonia. 

On  passing  through  the  rectifier  the  vapors  undergo  partial  condensation  by 
cooling.  The  usual  practice  is  to  cool  the  vapors  to  a  temperature  approximately 
20  degrees  above  the  condensation  point  of  anhydrous  ammonia  at  the  pressure  in 
use.  In  the  present  case  the  vapors  will  be  cooled  to  a  temperature  of  98.81  degrees 
as  will  be  seen  by  reference  to  the  tables  of  the  Bureau  of  Standards.^  This  corre- 
sponds to  a  concentration  of  ammonia  in  the  solution  phase  of  71.3  per  cent,  and 
(for  a  temperature  of  98.8  deg.  F.  and  a  concentration  of  annnonia  of  71.3  per  cent) 
a  concentration  of  water  in  the  vapor  phase  of  0.160  per  cent.  In  other  words,  in 
their  passage  through  the  rectifier  the  vapors  have  been  robbed  of  part  of  their  con- 
tained water,  the  partial  pressure  of  which  has  been  reduced  to  0.25  lb.,  w^hile  that  of 
the  ammonia  has  been  increased  to  149.75  lb. 

To  do  this  some  of  the  ammonia  vapor  evolved  in  the  generator  has  been  sacri- 
ficed. It  is  impossible  to  return  any  of  the  original  water  in  the  vapor  to  the  gen- 
erator without  returning  such  an  amount  of  ammonia  that  the  concentration  of  the 
solution  formed  will  be  in  equilibrium  with  the  vapors  remaining  after  the  condensa- 
tion. Likewise  it  is  impossible  to  cause  this  condensation  without  a  cooling  of  the 
solution,  unless  the  vapor  pressure  be  materially  increased. 

Solution  of  Problem. — Consideration  of  the  case  of  2000  pounds  of  vapor  mixture 
in  the  rectifier  after  leaving  the  generator  will  show  the  extent  of  this  process: 

Water  content  of  vapor  from  generator .  .       7.4      per  cent 

Weight  of  water 148.0      lb. 

Weight  of  ammonia 1852.0      lb. 

Ammonia  content  of  solution  returned  to 

generator  from  rectifier 71.3  per  cent 

Weight  of  water  returned 144.8  lb. 

Weight  of  ammonia 359.7  lb. 

Total 504.5  lb. 

Water  content  of  gases  sent  on  to  receivers.       0.160  per  cent 

Weight  of  water  passed 2.393  lb. 

Weight  of  ammonia 1493.10    lb. 

Total 1495.50    lb. 

Partial  pressure  of  water  vapor 0.25    lb.  per  square  inch 

Partial  pressure  of  ammonia 149.75  lb.  per  square  inch 

«  B.  S.  Circular  No.  142,  1923. 
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On  flowing  through  the  pressure  reducing,  or  so-called  expansion,  valve  the 
ammonia  solution  experiences  a  release  in  pressure  to  a  value  determined  by  the 
concentration  of  the  aqua  ammonia  in  the  absorber  and  by  the  temperature  of  the 
latter.  Since  the  pressure  will  be  greater  the  higher  the  concentration,  and  since 
no  concentration  changes  occur  during  the  pumping  of  the  solution  from  the  absorber 
to  the  generator,  it  follows  that  the  back  pressure  in  the  cooling  coils  will  be  deter- 
mined in  the  present  instance  by  the  vapor  pressure  of  a  35  per  cent  ammonia  solu- 
tion at  whatever  temperature  the  absorber  may  be  kept  during  the  operation  of  the 
machine. 

It  is  desired  to  maintain  a  temperature  of  6  deg.  F.  in  the  cooling  coils.  Although 
further  experimental  work  concerning  these  lower  temperature  vapor  pressures 
must  be  done  before  the  tables  can  be  extended  into  this  region,  a  fairly  satisfactory 
extrapolation  can  be  performed  by  the  use  of  the  aqueous  vapor  content  table. 
There  it  ■n'ill  be  noticed  that  as  a  general  rule  an  increase  in  temperature  of  approxi- 
mately 41.0  deg.  F.  will  cause  an  increase  of  about  5  per  cent  in  the  composition  of 
the  solution  with  which  a  given  composition  of  the  vapor  phase  is  in  equilibrium. 
This  rule  may  be  applied  in  order  to  calculate  from  the  data  furnished  in  the  table 
for  a  temperature  of  32  deg.  F.  the  solution  with  which  a  given  vapor  phase  will  be 
in  equilibrium  at  6  deg.  F.  The  quantity  calculated  in  this  manner  as  the  amount 
to  be  either  subtracted  from  or  added  to  the  values  there  tabulated  may  be  taken 
as  3.17  per  cent. 

A  vapor  possessing  a  water  content  of  0.160  per  cent  is  in  equilibrium  with  a 
54.1  per  cent  ammonia  solution  at  32  deg.  F.  Applying  the  preceding,  this  same 
vapor  will  be  in  equilibrium  with  a  50.9  per  cent  solution  at  6  deg.  F.  The  value 
of  the  quotient  corresponding  to  a  solution  of  this  concentration  is  0.903.  Know- 
ing the  temperature  of  the  solution  in  the  coils  and  the  quotient,  the  value  of 
e  may  be  calculated,  and  is  found  to  be  421.0  degrees  or  a  Fahrenheit  temperature 
of  —  39.0.  The  tables  of  the  Bureau  of  Standards  show  a  pressure  of  10.72  lb.  of 
ammonia  at  this  temperature,  which  will  be  reached  by  a  35  per  cent  ammonia 
solution  at  a  temperature  of  51.3  degrees.  In  other  words,  since  at  this  temperature 
the  composition  of  the  vapor  required  in  the  coils  is  identical  with  the  composition 
of  the  solution  furnished  at  the  expansion  valve,  there  should  be  no  accumulation 
of  a  liquid  phase  in  the  freezing  coils;  and,  of  course,  the  same  condition  is  true  for 
any  absorber  temperature  below  this,  provided  only  that  the  process  occurs  at 
constant  pressure. 

On  the  other  hand  the  tables  of  the  Bureau  of  Standards  give  the  value  of  35.09 
11).  for  anhydrous  ammonia  at  6  deg.  F.  This  is  the  pressure  attained  by  a  35 
per  cent  ammonia  solution  at  105.9  deg.  F.  and  at  this  pressure  the  solution  phase  is 
identical  in  composition  with  that  furnished  by  the  expansion  valve.  No  evapora- 
tion of  water  will  therefore  occur  in  the  freezing  coils.  In  order  that  the  machine 
may  work  properly  the  average  temperature  of  the  absorber  must  be  kept  below 
the  value  of  105.9  deg.  F. 

We  may  assume  that  the  absorber  temperature  is  that  of  the  solution  leaving 
the  absorber,  namely,  80  deg.  F.  The  pressure  is  20.5  lb.  and  the  quotient  is  now 
0.954,  corresponding  to  a  concentration  of  solution  of  66.1  per  cent  at  6  deg.  F. 
The  corresponding  concentration  at  32  deg.  F.  is  69.3  per  cent,  according  to  the 
suggested  method,  in  equilibrium  with  a  vapor  of  0.065  per  cent  water  content.  The 
amount  of  water  appearing  as  an  accumulating  liquid  phase  is  evidently  represented 
by  the  difference  between  the  water  content  of  the  liquid  phase  as  supplied  by  the 
valve  and  that  of  the  vapor,  or  0.095  per  cent.     Of  the  2.39  lb.  of  water  passing 
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the  valve  1.42  lb.  will  accumulate  in  the  coils  to  form  4.19  lb.  of  66.1  per  cent  solu- 
tion, and  the  rest  will  evaporate  off  into  the  vapor  phase  together  with  the  residual 
ammonia. 

Performance. — On  the  basis  of  60,700  lb.  of  ammonia  representing  the  quantity 
which  must  be  evaporated  to  supply  a  refrigerating  efifect  of  100  tons  per  day, 
Table  176,  the  table  of  preformance,  was  constructed. 

TABLE  17a 
Table  of  Performance  for  Absorption  Refrigerating  Machine 


Pounds  per 
2000  Lb.  of  Vapor 

Pounds  per 

100  Tons  of 

Refrigeration 

per  24  Hours 

Weight  of  original  vapor 

Containing  water 

2000.00 

148.00 

1852.00 

81,300.0 

6,020.0 

75,280.0 

And  ammonia 

Returned  to  generator,  water 

Returned  to  generator,  ammonia 

144.8 
359.7 

5,890.0 
14,630.0 

Sent  to  receiver,  water 

Sent  to  receiver,  ammonia 

2.39 
1493.1 

97.2 
60,700.0 

Accumulated  in  coils,  water 

Accumulated  in  coils,  ammonia 

1.42 

2.77 

57.7 
112.6 

Condensed  by  absorber,  water 

Condensed  by  absorber,  ammonia 

0.97 
1490.3 

39.5 
60  582.0 

Effect  of  Water  Content. — At  this  point  it  may  be  well  to  clear  up  an  apparent 
misconception  with  regard  to  the  nature  of  the  refrigerating  medium  in  the  absorp- 
tion process.  In  the  compression  process  anhydrous  ammonia  itself  is  the  substance 
affecting  the  essential  heat  transfers.  In  the  absorption  process  this  is  not  the  case, 
but  a  concentrated  solution  of  ammonia,  or  better  still,  a  solution  of  water  in  ammonia 
is  used  as  the  active  agent.  This  itself  in  no  way  affects  the  value  of  the  machine 
for  producing  cold;  in  fact,  as  far  as  can  be  predicted  with  our  present  knowledge 
of  the  ammonia  solution,  this  should  increase  its  efficiency  since  the  latent  heat  of 
water  boiling  under  any  pressure  is  much  higher  than  that  of  ammonia  at  the  same 
pressure.  The  specific  heats  of  both  liquid  and  vapor  of  steam  and  of  ammonia  are 
nearly  identical.  On  the  other  hand,  the  use  of  a  solution  in  the  coils  instead  of  a 
pure  substance  introduces  the  undesirable  effect  of  selective  evaporation  which  under 
ordinary  working  conditions  causes  an  accumulation  of  a  certain  amount  of  liquid 
phase  in  the  freezing  pipes.  Probably  most  of  this  is  eventually  carried  along  to  the 
absorber  by  the  impetus  of  the  vapor  current,  thus  preventing  clogging.     It  must  be 
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remembered  that  the  calculation  here  appended  concerns  only  constant  pressure 
processes.  A  pressure  drop  through  the  freezing  coils  will  affect  these  calculations 
unfavorably  by  further  increasing  the  amount  which  will  form  of  this  liquid  phase. 

Furthermore,  it  is  evident  now  that  this  condensation  does  not  form  water  but  a 
concentrated  ammonia  solution  in  the  coils.  Herein  lies  the  explanation  of  the  fact 
that  these  machines  can  have  condensation  occurring  in  the  coils  and  yet  not  suffer 
plugging.  Although  no  work  has  been  done  to  determine  the  freezing  points  of 
ammonia  solutions,  the  law  regarding  the  lowering  of  the  freezing  point  is  universally 
true;  and  under  the  conditions  of  concentration  existing  in  the  cooUng  coil  it  would 
be  impossible  to  plug  the  line  with  frozen  solution  unless  the  back  pressure  from  the 
absorber  were  materially  reduced. 

Operating  Conditions. — In  the  operating  conditions  which  we  have  just  been 
considering  there  is  another  interesting  possibility  to  be  investigated.  In  the  analysis 
it  was  stated  that  the  vapors  passing  through  the  rectifier  were  cooled  to  a  tempera- 
ture of  98.81  degrees,  or  20  degrees  above  the  condensation  point  of  anhydrous 
ammonia.  It  is  at  once  evident  that  the  amount  of  accumulated  liquid  in  the  brine 
coils  will  be  materially  decreased  if  this  rectifying  is  carried  still  further;  and  it  may 
not  be  out  of  place  to  study  the  operation  of  a  machine  in  which  the  vapors  leave  the 
rectifier  at  a  temperature  of  88.81  degrees  or  10  degrees  below  the  first  rectifying 
temperature. 

To  save  space  the  author  has  appended  Table  176  as  a  means  of  contrasting  the 
results  due  to  the  two  operating  conditions.  The  table  is  self-explanatory.  It  is 
evident  that  in  order  to  secure  identical  refrigerating  effects,  the  quantity  of  vapor 
furnished  by  the  generator  must  be  much  greater  in  the  second  case  than  in  the  first, 
and  a  much  larger  amount  of  ammonia  must  be  returned  to  the  generator  from  the 
rectifier.  On  the  other  hand,  it  is  possible  to  raise  the  absorber  to  a  higher  temper- 
ture  before  accumulation  begins  in  the  freezing  coils  (optimum  temperature) ,  and  as 
would  be  expected  the  amount  of  tliis  accumulation  is  not  so  great  for  any  given 
temperature,  thus  increasing  the  refrigerating  efficiency  of  the  coils.  Yet  the  max- 
imum temperature  to  wliich  the  absorber  can  be  raised  without  prohibiting  the  proper 
functioning  of  the  machine  is  not  altered. 

Here  again  the  engineer  is  confronted  by  conflicting  conditions  between  which 
it  is  better  to  effect  a  compromise,  but  the  nature  of  this  compromise  must  be  deter- 
mined b}^  the  results  to  be  obtained.  A  concentrated  ammonia  solution  boils  at  a 
lower  temperature  than  one  more  dilute;  hence  it  follows  that  in  plants  desiring  the 
attainment  of  a  cold  temperature  fairly  close  to  the  bottom  of  the  range  capable  of 
being  reached  with  the  absorption  machine  it  would  be  better  to  keep  the  rectifier 
at  a  lower  temperature,  and  thus  furnish  the  freezing  coils  with  the  more  concen- 
trated ammonia.  In  those  localities  in  which  the  chmate  is  such  that  the  cooling 
water  around  the  absorber  does  not  keep  its  temperature  very  low,  it  would  greatly 
increase  the  working  efficiency  of  the  machine  to  supply  only  the  more  concentrated 
ammonia  to  the  coils;  but  otherwise  there  seems  to  be  no  practical  advantage  in 
keeping  the  rectifier  at  this  lower  temperatiu"e,  in  view  of  the  heavier  load  which  is 
thus  transferred  to  the  generator. 

The  chart,  Fig.  60,  will  be  foimd  very  useful  in  the  solution  of  engineering  prob- 
lems. From  it  values  required  for  computations  can  be  found  directly,  accurately 
enough  for  most  work.  In  addition  a  clearer  idea  of  conditions  can  generally  be 
obtained  from  a  chart  than  by  the  use  of  tables,  and  this  is  particularly  true  in  the 
case  of  the  absorjjtion  machine  cycle. 
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TABLE  176 

Comparative  Pekformance  for  Different  Conditions  of  Operation 


Items 


Weight  of  original  vapor  (pounds) 

Weight  of  contained  water 

Weight  of  contained  ammonia 

Temperature  of  vapor  leaving  rectifier 
(degrees  F.) 

Concentration  of  solution  returned  to 
generator  (per  cent) 

Weight  returned  (pounds) 

Weight  of  water 

Weight  of  ammonia 

Water  content  of  vapors  from  receivers 
(per  cent) 

Weight  of  this  vapor  (pounds) 

Weight  of  water 

Weight  of  ammonia 

Maximum  absorber  temp,  (degrees  F.) . 
Maximum  absorber  pressure  (pounds) . 

Optimum  absorber  temp,  (degrees  F.) . . 
Optimum  absorber  pressure  (pounds) .  . 

Pressure    of    absorber    at    80    deg.    F. 

(pounds  per  square  inch) 

Composition  of  equilibrium  solution  at 

6  deg.  F.  (per  cent) 

Water  content  of  vapor  at  6  deg.   F. 

(per  cent) 

Water    content    accumulating    in    coils 

per  cent) 

Weightofaccumulatingsolution  (pounds) 

Weight  of  water 

Weight  of  ammonia 

Weight  of  vapor  condensed  in  absorber 

(pounds) 

Weight  of  water 

Weight  of  ammonia 


Per  Ton 
of  Vapor 


2000 . 0 

148,0 

1852.0 


Per  100 
Tons  of 

Refrigera- 
tion per 

24  Hours 


81,300 
6,020 
75,280 


98.81 
71.30 


504.5 
144.8 
359.7 


20,530 

5,890 

14,630 


0.160 


1495.5 

2.39 
1493.1 


60,800 

97.2 
60,700 


105.60 
35.09 


51.30 
10.72 


20.50 
66.10 


0.065 
0.095 


4.19 
1.42 

2,77 


14,9130 

0,97 

1490.30 


170.3 
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Figures  55  to  58  show  details  of  the  absorption  machine,  and  Table  16 
gives  the  surfaces  used  in  standard  machines.  Also  Table  18  gives  the 
total  vapor  pressure  of  aqua  ammonia  and  Fig.  60  the  partial  pressures 


I  iV^^a^t  Rectifier 


Separator 


.0.160%H2O 

1496  lb.  gas  of  which 

2.39  lb.  is  HjO 


150  lb. 


/777777777^7777^n7777777777J77777^^p777777777V7. 


Strong  aqua  ^ 
80°F-35?f 


Absorber 


-Water  in 


Fig.  61. — Schematic  Arrangement  of  the  Absorption  Machine. 


of  water  vapor  above  aqua  ammonia.  These  values  and  the  chart  are 
taken  from  Bulletin  No.  146  of  the  Engineering  Experiment  Station  of 
the  University  of  Illinois. 

The  Absorber. — The  action  of  the  absorber  is  a  complex  one,  not 
easily  defined  in  a  single  statement.  The  gas  from  the  evaporator 
enters  the  absorber  and  comes  in  contact 
with  a  spray  of  weak,  cooled  aqua,  and  a 
strong  aqua  is  formed.  For  simplicity 
the  process  in  the  absorber  is  divided 
into  three  parts,  namely,  a,  the  cooling 
of  the  weak  aqua  to  the  temperature  of 
the  strong  aqua  leaving  the  absorber,  6, 
the  condensation  of  the  gas  from  the 
evaporator,  and  c,  the  absorption  of 
the  liquid  ammonia  by  the  weak  aqua. 
The  pressure  in  the  evaporator  is  deter- 
mined by  that  in  the  absorber  which  in  turn  is  a  function  of  the 
temperature  and  concentration  of  the  strong  aqua  in  the  absorber.  The 
process  of  liquefaction  and  of  solution  is  therefore  at  constant  pressure, 


Fig.  62. 


Rubber  gasket 
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Rubber  gland 
ring 
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but  the  temperature  of  liquefaction  (the  temperature  of  anhydrous 
ammonia  corresponding  to  the  pressure)  is  much  less  than  that  of  the 
strong  aqua.  In  consequence  the  liquid  ammonia  formed  by  the  lique- 
faction previous  to  the  entering  into  solution  must  be  conceived  to  be 
heated  up  to  this  temperature  before  solution  takes  place. 

In  order  to  bring  out  the  method  of  calculation  the  following  problem 
will  be  solved: 

Problem. — The  strong  aqua  leaving  the  absorber  has  a  concentration  of  35  per 
cent,  and  a  temperature  of  80  deg.  F.  The  weak  aqua  has  a  concentration  of  30 
per  cent  and  enters  the  absorber  at  a  temperature  of  120  deg.  F.  The  heat  absorbed 
by  the  cooUng  water  is  required  and  the  number  of  pounds  of  water  per  minute, 
assuming  a  temperature  rise  of  10  deg.  F. 

The  number  of  pounds  of  weak  aqua  circulated  (Table  15)  in  order  to  absorb  1.0 
lb.  of  ammonia  gas  is  given  by  the  formula, 

1  -  X2  1.0  -  0.30 

7i  = -  1.0  = 1.0  =  13.0  lb. 

xi  -  X2  0.35  -  0.30 

where  Xi  is  the  concentration  of  the  strong,  and  X2  that  of  the  weak  aqua. 

The  pressure  in  the  absorber,  at  35  per  cent  concentrations  and  80  deg.  F.  is  20.5 
lb.  The  weak  aqua  is  30  per  cent  ammonia  and  70  per  cent  water.  It  has  been  the 
practice  to  assume  that  the  specific  heat  of  the  aqua  is  found  by  assuming  that  simply 
a  mixture  existed.  The  specific  heat  of  the  liquid  ammonia  in  this  case  is  1.175, 
therefore  the  specific  heat  of  the  mixture  is 

(0.30  X  1.17)  +  (0.70  X  1.0)  =  1.053 

a.  The  cooling  effect  necessary  to  cool  the  weak  aqua  per  1.0  of  ammonia. 

Q  =  Mc{ti  -  h)  =  13.0  X  1.053  X  (120  -  80)  =  547.6  B.t.u. 

b.  Cooling  required  for  the  liquefaction,  etc. 

Q  =  606.5  -  132.0  =  474.5  B.t.u. 

c.  Cooling  required  to  overcome  the  heat  of  solution.     This  is  expressed  by 

Q  =  345(1  —  x)  —  400x2  where  x  is  the  average  concentration 
=  345  X  0.675  -  400  X  (0.325)2  =  190.8  B.t.u. 
Total  =  1212.9  B.t.u. 

The  amount  of  water  required  with  a  10-degree  rise  of  temperature  will  be 

1212.9  --  10  =  121.3  lb.  =  14.56  gallons 

If  a  standard  condenser  pressure  was  carried  in  the  condenser  the  ammonia  required 
per  ton  of  refrigeration  would  be — at  20.5  lb.  and  86  deg.  F.  condensing  temperature 

200  -h  (606.5  -  138.9)  =  0.428  lb. 

and  the  water  per  ton  per  minute  required  in  the  absorber  would  be 

14.56  X  0.428  =  6.23  gallons 
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The  Munters-Platen  Absorption  System. — The  Munters-Platen 
system,  shown  in  Fig.  63,  is  an  attempt  to  eUminate  the  strong  aqua 
pump.  The  pressure  is  exerted  throughout  the  entire  system  and  no 
"  expansion  "  valve  is  required.  Circulation  is  obtained  by  the  action 
of  the  heating  element  in  the  generator.  The  outstanding  feature  of 
the  system  is  the  use  of  an  inert  gas  (hydrogen)  in  the  evaporating  coil; 
sufficient  so  that  the  jyartial  pressure  of  the  ammonia  will  be  that  required 
by  the  conditions  of  operation. 

While  this  system  is  ingenious  it  requires  several  constant  conditions 
for  success.  The  total  pressure  must  remain  constant  ^  and  there  must  be 
no  leakage  of  hydrogen.     As  most  refrigerating  machines  have  a  vari- 


Condenser 


Rectifier 


Evaporator 


iv---V'^-'i  Hydrogen 

Weak  liquid  "3 

Ammonia  gas        " 

t^'^.':V- :'■::<  Ammonia  and  hydrogen 


Strong  liquid  or  liquefied  ammonia 

Fig.  63.— The  Munters-PIaton  System 


i|i;        ^Return  pipe  for 
■'jji\        weak  liquid 
Temperature 
exchanger 


able  condenser  pressure  depending  on  the  amount  and  the  temper- 
ature of  the  condensing  water  it  is  not  clear  how  successful  the  Munters- 
Platen  system  will  be.  It  undoubtedly  will  be  limited,  under  any 
circumstances,  to  the  gas-fired  machine.  ^ 

*  The  pressure  in  the  system  may  be  taken  as  p  lb.  per  square  inch,  which  is 
equal  to  pi  +  ^2  in  the  evaporator  coils  where: 

Pi  =  the  pressure  exerted  by  the  ammonia 
Pz  =  the  pressure  exerted  by  the  hydrogen 
Suppose  the  condenser  pressure  p  increases,  due  to  a  temperature  rise  of  the  condens- 
ing water.  Then  pi  will  increase  a  like  amount  as  the  change  of  pressure  of  the 
hydrogen  would  be  small.  The  temperature  of  evaporation  would  be  regulated 
then  by  the  condenser  pressure,  a  condition  which  can  be  controlled  to  .some  extent, 
but  usually  is  not,  except  to  make  the  condenser  pressure  as  low  as  possible. 

'  A  modification  of  the  Munters-Platen  system  is  the  Altenkirch  refrigerating 
machine.  This  device  uses  sulphuric  acid  as  a  solvent  (La  Technique  Moderne, 
July  1,  1926). 
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The  Intermittent  Absorption  Machine. — The  intermittent  absorp- 
tion machine  is  of  particular  interest  for  the  small  sizes,  as  the  chief 
feature  of  the  design  is  the  elimination  of  the  strong  aqua  pump  and 
therefore  the  necessity  for  the  use  of  power  in  the  machine.  It  is 
automatic  as  regards  the  water  control  and  the  heating  element,  which 
is  gas  fired  always  because  of  the  cost,  and  a  part  of  the  machine  acts 
both  as  a  generator  and  an  absorber.  Quite  naturally  refrigeration 
cannot  be  continuous.  However,  several  large  installations  have  been 
made,  as  for  example  in  milk  cooling  after  pasteurization. 

One  of  the  essen- 
tial features  of  the 
absorber  is  the 
thorough  mixing  of 
the  gas  and  weak 
aqua.  This  is  ac- 
complished in  Fig. 
62  by  the  device 
of  the  weak  aqua 
nozzle  which  forms 
a  spra}^  and  permits 
the  aqua  in  this 
condition  to  meet 
the  ammonia  gas 
from  the  evapora- 
ting coils.  Another 
mixer  is  the  double 
pipe  with  the  inner 
pipe  perforated.  The  gas  passing  through  the  holes  in  the  inner  pipe  as 
a  series  of  bubbles  meets  the  liquid  in  the  outer  pipe. 

Purging. — Figure  64  is  a  special  device  adapted  to  large  plants  to 
remove  the  non-condensible  gases.  Some  disintegration  occurs  in  the 
absorption  machine  and  air  enters  in  one  manner  or  another,  so  that 
purging  of  the  absorber  is  necessary.  Purging  always  means  a  loss  of 
ammonia  unless  a  special  device  is  used  which  in  this  case  is  a  special 
absorber  generator.  As  an  absorber,  water  cooled,  the  ammonia  in 
the  purge  gas  is  absorbed  and  the  inert  gas  is  blown  off.  As  a  generator 
the  steam  coils  drive  off  the  ammonia  in  the  still  where  it  is  discharged 
into  the  condenser. 
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Fig.  64. — Purge  Drum  for  Absorption  Machine. 
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Ammonia  Fittings. — Because  of  the  nature  of  ammonia  it  is  neces- 
sary to  make  especial  provision  against  leaks,  even  though  the  pressures 
are  not  more  than  200  lb.  per  square  inch  as  a  rule.  The  accepted 
fonn  of  flanged  joint  is  that  kind  employing  the  tongue  and  groove, 
using  generally  a  rubber  or  lead  gasket,  although  asbestos  and  other 
material  are  sometimes  used.  Fittings  may  be  designed  with  screV 
ends — up  to  3  to  5  in., — with  oval,  square  and  round  flanges,  depending 
on  the  size  of  the  pipe. 

There  are  two  methods  of  making  up  pipe  and  fittings,^  the  first 
method  being  the  litharge  and  glycerine,  and  the  second  being  the 
solder  joint  in  the  case  of  black  iron  and  steel  pipe.  As  a  rule  the 
latter  is  confined  to  condensers  and  (possibly)  to  brine  coolers  that  are 
made  up  at  the  factory,  and  where  the  necessary  equipment  is  at  hand 
for  the  purpose.  The  process  is  to  tin  the  pipe — using  a  bright  pipe 
and  screw  threads  and  an  acid  composed 
of  muriatic  acid  that  has  been  partly 
neutralized  by  the  action  of  zinc — and 
then  to  make  up  the  joint  with  the 
pipe  and  the  fitting  heated  up  to  the 
temperature  of  the  solder.  In  the  larger 
sizes  of  fittings  there  are  solder  recesses 
(Fig.  65)  to  be  filled  with  solder  and  this 
is  caulked  in  order  to  cover  the  tlireads. 
According  to  Fairbanks  ^"  the  defects  of 
soldering  are  two  in  number.  First,  in 
the  larger  pipes — 3  in.  and  over — 
vibration,  expansion  and  contraction  of 
the  pipe  finally  break  the  soldered  joint 

with  the  result  that  a  leak  develops.     Second,  the  temperature  of  the 
discharge  connections  from  the  compressor  is  often  300  deg.  F.  in  which 

'  For  a  more  complete  discussion  of  erection  problems  see  Chapter  X. 
1"  Fairbanks  in  the  Mechanical  Engineers  Handbook,  McGraw-Hill  Book  Com- 
pany, p.  1729. 
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Fig.  65.— Fitting  with  Solder 
Recess. 
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case  the  solder  becomes  plastic. 
Fairbanks  favors  flanging  and  V 
grooving  the  flange  for  all  pipe  3 
in.  and  over,  in  which  case  full- 
weight  pipe  only  is  used,  employ- 
ing the  Van  Stone  joint  and  an 
antimonial  lead  gasket. 

The  essential  feature  of  the 
ammonia  pipe  connection  is  a  clean 
and  accurate  thread.  The  amount 
of  pull  or  the  heat  developed  dur- 
ing the  making  up  of  the  threaded 
joint  is  not  a  reliable  evidence  of 
a  good  pipe  connection  as  these 
factors  could  be  caused  by  dirt. 
In  order  to  secure  good  work  the 
threads  must  be  cleaned  carefully, 
preferably  by  means  of  gasoline, 
and  assurance  obtained  that  chips, 
and  other  loose  pieces  of  steel,  are 
not  caught  in  the  threads.  It  is 
usual  to  pull  up  on  the  pipe  threads 
much  more  than  for  similar  work 
in  steam,  and  the  result  is  that 
all  screw  fittings  are  much  heavier 
than  those  designed  for  water  or 
steam  for  250  lb.,  and  in  addition 
the  cast  iron  of  the  fittings  must 
be  of  a  dense  structure  and  always 
heavier-walled  than  a  steam  fitting 
would  be.  For  some  time  the 
close-grained,  air  furnace,  gray  iron 
casting  was  used  but  this  is  being 
replaced  by  the  semi-steel  and  the 
drop-forged  steel  fitting  on  the  part 
of  some  of  the  manufacturers. 
These  fittings  preferably  should 
be  malleable  for  screwed  and  semi- 
steel  for  flanged  fittings  and  drop 
forged  for  flanges.  The  drop-forged 
steel  fitting  is  becoming  more  popu- 
lar, although  more  expensive,  be- 
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cause  of  its  lack  of  porosity,  its  great  strength  and  the  fact  that  it  can 
be  welded  to  the  pipe.  This  last  property  is  not  so  very  important 
with  ammonia  machines  but  very 
desirable  in  connection  with  carbon 
dioxide  refrigeration. 

In  ammonia  work  it  has  been 
found  best  to  use  a  soft  gasket,  and 
to  form  the  joint  by  a  method  which 
will  prevent  the  gasket  from  squeez- 
ing out.  The  tongue  and  groove 
design  absolutely  prevents  the  blow- 
ing out  of  the  gasket  material,  and 
the  soft  lead  asbestos  gasket  seems 
to  give  good  service  under  these 
conditions.  The  ordinary  copper 
and  asbestos  gasket — with  the  flat- 
faced  flange — is  never  attempted, 
although  the  Fairbanks  design  is 
somewhat  like  the  flat-faced -flange, 
both  on  account  of  inability  to  secure 
a  sufficient  unit  pressure  on  the 
packing  and  also  because  the  as- 
bestos will  flatten  and  the  copper 
will  corrode  (if  water  is  present  in 
the    ammonia)    and    flatten    when 

under  ammonia  pressure.  The  present  tendency  is  to  eliminate  valves 
and  fittings  as  far  as  possible  by  using  flame,  electric  and  forge  welding 
at  the  shop  and  flame  and  thermit  welding  on  the  job.  Pipe  work 
can  be  made  welded  entirely  except  for  the  unions  and  perhaps  the 
stop  and    the    expansion  valves.     Some   double   pipe    condensers   are 

made — especially  for  carbon  diox- 
ide or  for  small  capacity  plants — 
welded  throughout  (Fig.  66) ;  and 
apparently  welding  will  supersede 
fittings  whenever  the  cost  as  well 
as  the  conservation  of  the  refriger- 
ant makes  this  justifiable.  For  evaporator  pipe  coils  the  flanged  bent  pipe 
is  rapidly  replacing  the  cast  return  bend  (Fig.  67)  except  when  the  pipes 
are  submerged  in  a  liquid,  in  which  case  continuous  welded  pipe  is  used. 
It  cannot  be  said,  however,  that  there  is  any  great  tendency  to  do  away 
with  the  double  pipe  and  the  atmospheric  type  of  condenser  for  am- 
monia, both  of  which  are  plentifully  supplied  with  fittings  and  valves. 


Fig.    67. 


Safety    Valve    for    Carbonic 
Compressors 


Fig.  68. 


-Welded  Headers. 


108 


FITTINGS   AND  CONDENSERS 


Manifolds  and  Headers. — Manifolds  and  headers  are  made  either 
of  semi-steel  castings  or  are  made  up  of  steel  and  welded,  for  which 
purpose  the  autogenous  (flame)  weld  is  very  successful  (Fig.  68).     This 

Nozzle  may  be  forged, 

rolled,  or  van  stone  Thread  not  essential,  any 

j/  ^m;^77n  type  of  flange  may  be  used 
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Note:-  For  all  nozzles,  dimensions  d  and  r  shall 
not  be  less  than  the  following: 
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Fig.  69.— Methods  of  Flame  Welding. 
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is  the  method  whereby  the  gases  in  two  tanks,  one  of  acetylene  (C2H2) 
and  the  other  of  oxygen,  are  mixed  in  a  nozzle  and  the  mixture  is  con- 
trolled by  separate  valves.     The  weld  is  made  by  fusing  the  material 
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to  be  welded  and  by  melting  a  steel  rod  until  the  proper  reinforcement 
is  obtained  (Fig.  69). ^  The  flame  weld  has  not  been  entirely  successful, 
and  for  certain  work  the  forge  weld  has  taken  its  place,  as  for  example 
in  the  welded  heads  of  liquid  receivers.  Also  for  the  same  reason  the  flame 
weld  along  the  longitudinal  seam  is  being  done  away  with,  wherever 
convenient,  by  the  use  of  the  proper  sized  lap  welded  pipe  manufactured 
in  the  steel  mill,  and  pipe  up  to  90  in.  diameter  is  obtainable. 

Valves. — Valves  for  ammonia  are.  usually  of  the  globe  and  the  angle 
type.     When  used  as  stop  valves  they  may  be  furnished  with  either 
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Fig.  70.— Methods  of  Flame  Welding. 


hard  or  soft  seats.  The  advantage  of  the  soft,  white  metal  seat — dove- 
tailed into  the  valve  disc — is  that  foreign  material,  like  steel  cuttings, 
will  sink  into  the  soft  material  instead  of  preventing  the  valve  from 
seating  and  therefore  causing  a  leak,  but  the  soft  seat  has  to  be  renewed 
at  regular  intervals.  Usually  the  valve  is  so  designed  as  to  make  a 
seat  at  the  top  of  the  valve  when  it  is  full  opened  (Fig.  71)  in  order  that 
leakage  past  the  stem  through  the  packing  when  the  valve  is  open  may 
be  prevented  and  also  so  that  the  valve  stem  may  be  repacked  while 
the  valve  is  under  pressure. 

Special   designs   of   regulating    (expansion)    valves   are    numerous. 
These  have  a  special  fine  thread  on  the  spindle  for  fine  adjustments, 

2  Rules  for  the  construction  of  unfired  pressure  vessels,  A.  S.  M.  E.  Boiler  Con- 
struction Code. 
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and  are  made  with  either  a  conical  projection  of  the  spindle  through 
the  valve  seat,  or  a  cylindrical  projection  with  a  tapered  groove  in 
order  to  obtain  the  required  close  adjustment.  When  closed  the  expan- 
sion valve  (Fig.  71)  can  be  made  tight  by  means  of  a  soft  metal  seat 

ring  or  by  means  of  a  plain  needle-tj^pe 
valve  of  hard  steel.  When  such  close  ad- 
justments are  not  required  a  modified  globe 
or  angle  valve  may  be  used. 

The  expansion  cock  is  still  used  but  it  is 
incUned  to  jam,  and  at  the  present  time  it 
is  not  very  popular.  The  flow  of  one  cubic 
foot  of  liquid  ammonia  per  minute  is  suffi- 
cient for  approximately  100  tons  of  refrig- 
eration, and  with  a  difference  of  pressure  of 
150  lb.  per  square  inch  on  the  two  sides  of 
the  valve  a  large  opening  is  not  required. 
On  the  other  hand  with  the  use  of  the 
expansion  cock  the  suction  pressure  is 
harder  to  regulate  than  with  the  usual  ex- 
pansion valve. 
Figures  72  to  85  show  various  forms  of  fittings.  Figure  80  is  one 
design  of  strainer  and  Fig.  81  one  form  of  an  ammonia  purifier.  Figures 
83,  84  and  85  and  Table  19  give  dimensions  of  some  of  the  standard 
large  accessories.  An  isometric  sketch  of  the  low-pressure  suction 
return  to  the  compressor,  showing  pipes,  fittings  and  an  accumulator 
is  given  in  Fig.  86.     Tables  22  to  31  give  dimensions  of  the  more  common 


Fig.  71. — Section  of  an  Expan 
sion  Valve. 


Fig.  72.— Expansion  Valve.         Fig.  73.— Elbow. 


Fig.  74. — Flange. 


York  fitting.  Tables  32  to  35,  inclusive,  give  Frick  practice.  Tables  36  and 
37  show  Arctic,  whereas  Tables  20  and  21  give  the  dimensions  of  Crane 
flanges.  It  will  be  noticed  on  comparing  these  tables  that  even  the 
flanges  for  ammonia  are  not  standard  either  as  regards  the  diameter, 
the  width  or  the  depth  of  the  groove,  and  even  the  thickness  of  the 
metal,  size  and  spacing  of  the  bolts,  the  distance  between  faces,  etc. 
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bear  no  resemblance  to  one  another  in 
the  different  makes.  Very  unfortunately 
there  does  not  appear  at  present  any 
possibility  of  standardization.  The 
Crane  fitting  dimensions  for  ammonia 
are  taken  from  what  is  known  as  "  extra 
heavv  steam,"  and  the  metal  thicknesses, 


Fig.  75. — Section  of  Globe  Valve. 


Fig.  76. — Pop  Safety  Valves. 


Fig.  77.— Section  of  Globe  Valve  for  COo. 


the  size  of  flanges  and 
boltings  and  the  size  of 
the  bolts  are  the  same  as 
for  their  steam  fittings 
and  valves. 

Carbon  Dioxide  Fit- 
tings.— Figures  87  and 
88  show  typical  carbonic 
fittings.  Figure  88  shows 
a  flange  joint  for  a  large 
pipe  wherein  the  gas  seal 
is  made  by  means  of  lead 
gaskets  made  tight  by 
means  of  an  annular 
gland.  In  the  smaller 
sized  pipe  flanges  the 
joint  has  been  made  by 
permitting  the  pipe  (the 
ends  of  which  have  been 
reamed  square)  to  project 
^2  in.  beyond  the  flange, 
and  a  hard  red  fiber  gas- 
ket has  been  used  to  make 
up  the  joint.  However 
the    hard    fiber    has     a 
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tendency  to  crack  and  later  practice  has  been  in  the  direction  of  a 

composition  aluminum  or  copper 
gasket.  Figure  88  shows  a  typical 
^  by  1:^  expansion  valve  which  is 
noteworthy  only  on  account  of  the 
heavy  metal  construction. 

Carbonic  fittings  are  not  stand- 
ard and  each  manufactory  has  its 
own  patterns.  It  is  becoming  more 
and  more  common  to  make  use 
of  drop -forged  fittings  for  carbon 
dioxide  or,  more  generally  speak- 
ing, for  the  line  of  fittings  designed 
Fig.  78.— Expansion  Cocks.  for  3000  lb. 


CONDENSERS 

Historical. — In  the  early  days  of  refrigeration  the  condenser  was 

nothing  else  than  a  round  or  a  flat  coil  of  pipe  made  up  with  suitable 

fittings  at  first  and  then,  as  time  elapsed,  the 

pipe  was  welded  completely  or  was  made  up 

with  a  combination  of  welding  and  fittings.       Wfi/J 

The  refrigerating  engineer  was  obsessed  with 

the  idea  of  the  danger  due  to  ammonia  and  pj^  yg Expansion  Joint  for 

the   difficulty  in  reducing  ammonia  leaks,  Ammonia. 

the  latter  being  important  in  the  last  quarter 

of  the  nineteenth  century  because  of  the  heavy  cost.     The  refrigerating 

engineer  felt  that  he  could  not  take  chances  of  rupture,  but  he  knew 

that  the  pipe  condenser  could  be 
made  safe  and  reasonably  tight. 
The  submerged  andtheatmospheric 
condenser,  made  up  with  pipe  and 
fittings,  were  the  result,  and  later 
the  shell  and  coil  condenser  was 
developed. 

As  time  elapsed,  and  with  the 
resulting  experience  and  improved 
materials    available    for  use,  the 
refrigerating  engineer  devised  more 
Fig.  80.— Strainer.  complicated  fittings  which  result- 

ed in  the  double-pipe  counterflow 

condenser  and  later  still  this  was  modified  for  carbon  dioxide  refrigera- 
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tion  by  welding  throughout.  Finally  came  the  shell  and  tube  con- 
denser, similar  in  construction  to  the  steam  surface  condenser,  but  with 
the  tubes  rolled  into  both  of  the  tube  sheets.     At  first  the  shell  was 


Fig.  81. — Ammonia  Distiller. 


riveted  as  well  as  welded,  but  the  practice  in  1926  was  usually  to  take 
the  lap-welded  pipe  as  manufactured  at  the  steel  mills.  This  condenser 
was  designed  for  vertical  and  horizontal  shells,  but  the  vertical  is 
preferred  and  very  nearly  the  only  one  used  in  the  larger  sizes. 


Fig.  82. — Ammonia  Lifjuid  Receiver. 


As  compared  with  steam  engineering  it  would  seem  that  the  progress 
in  the  development  of  the  ammonia  condenser  has  been  very  slow.     The 
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-3"  Fern.  fig. 


Fig.  S3. — Accumulator. 

made     without     great 
difficulty. 

Function  of  the  Con- 
denser.— The  conden- 
ser is  for  the  purpose 
of  removing  the  super- 
heat and  the  latent 
heat  of  liquefaction,  and 
except  in  very  special 
cases,  it  is  water  cooled. 
The  temperature  of  the 
gas  entering  the  con- 
denser may  be  as  high 
as  250  deg.  F.  or  even 
300  deg.  F.  and  the 
amount  of  heat  re- 
moved varies  with  the 
operating  conditions 
from  220  to  260  B.t.u. 


pipe  condenser  appears  to  be  too  com- 
plicated, and  to  be  unnecessarily  sup- 
plied with  valves  and  fittings.  In 
addition  the  space  occupied  is  exces- 
sive at  times,  and  certain  of  the  de- 
signs are  difficult  to  arrange  so  that 
the  different  stands  will  have  an  equal 
amount  of  the  load.  It  seems  at  first 
as  if  the  design  of  condenser  made  up 
of  pipes  and  fittings  must  be  inefficient 
when  one  considers  that  it  is,  in  all 
intents  and  purposes,  a  long  pipe  which 
may  have  a  dead  end  or  is  connected 
to  a  hquid  receiver,  a  design  which 
has  hardly  a  counterpart  in  steam 
engineering. 

On  the  other  hand  the  pipe  designs 
of  condensers  have  given  good  service, 
are  reasonably  low  in  first  cost  and 
have  been  economical  in  the  use  of 
water.  They  can  be  erected  so  that 
the  leakage  loss  is  very  small  and 
repairs  (if  such  are  required)  can  be 
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■2" flange  fem. 
'Weld 


Outlet 
2"  fem.  fig. 


^1^     Shell  of  tank 


Baffle 
plate  support 


■^  E.  H.  coupling  welded  in  for 

purge  valve  -  coupling  not  to 

project  more  thani'through  head 
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welded  in 


Baffle  plate 


*~i^Q-*-^'^l  2"  Receiver  head 


2  E.  H.  coupling 
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per  ton  per  minute.  Some  designs  function  partly  as  liquid 
receivers,  particularly  in  the  case  of  carbon  dioxide,  but  this  is  a 
minor  object  of  the  condenser  and  one  which  is  being  gradually 
discarded  as  a  characteristic  of  the  apparatus.      The  main  object  is 
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Fig.  85. — Liquid  Receiver. 
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17 
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2U 
25i 

14 

16 

20 

24 
28 

6i 

7J 

9i 

lU 
13i 

2 

li 

2 
2 

All  dimensions  given  in  inches  unless  otherwise  specified. 

to  liquefy  the  gas  at  as  low  a  temperature  and  pressure  as  is  possible 
with  the  quantity  and  temperature  of  cooling  water  available 
at  the  plant.  How  this  pressure  varies  with  different  conditions  of 
cooUng  water  is  shown  in  Table  75. 

Types  of  Condensers:    The  Submerged  Condenser. — The  submerged 
condenser  is  an  obsolete  design  for  ammonia  at  the  present  time  except 
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for  marine  work  and  carbonic  refrigeration.  It  consists  of  a  coil  or  a 
set  of  concentric  coils  placed  within  the  shell  or  tank.  The  refrigerant 
passes  through  the  coils  and  the  water  is  within  the  shell  or  tank  outside 
the  pipe  coils.  The  coils  must  be  made  up  without  joints  below  the 
water  surface  and  they  are  preferably  welded.  When  more  than  one 
coil  is  used  they  are  brought  together  in  a  header.  With  carbon  dioxide 
the  submerged  condenser  is  still  used  to  some  extent,  and  the  design 
can  be  made  more  efficient  in  heat  transfer  by  the  use  of  special  devices 
to  increase  the  velocity  of  the  water  flow  past  the  surface  of  the  pipe 

Discharge 


Cold  storage 
suction  header 


Long  suction  line 
thru  tunnel 

Fig.  86. — Method  of  Piping  an  Accumulator. 


coils  by  the  use  of  an  inner  pipe  or  by  the  use  of  suitable  baffles  (Fig.  89). 
In  the  old  designs  the  rate  of  heat  transfer  between  the  refrigerant  and 
the  water  is  approximately  0.2  of  that  in  the  better  types  of  condensers, 
but  the  later  designs  for  carbon  dioxide  have  improved  the  performance 
considerably,  although  there  is  difficulty  in  cleaning  the  coils  if  dirty  or 
scale  forming  water  is  used. 

The  Atmospheric  Condenser. — The  atmospheric  condenser  is  the 
general  term  for  that  design  which  is  made  up  in  stands  with  the  water 
delivered  to  the  outside  of  the  upper  pipe  with  the  sacceeding  pipes 
receiving  the  water  by  dripping  from  one  pipe  to  the  next.  The  gas 
from  the  compressor  may  enter  at  the  top  (the  old  type),  at  the  bottom 
for  about  three  pipes  and  then  pass  to  the  top  (the  common  atmospheric 
condenser)  or  at  the  bottom  (the  bleeder  type).  The  British  design  of 
atmospheric  condenser  consists  frequently  of  sheets  of  pipes,  usually 
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All  dimensions  given  in  inches  unless  otherwise  specified. 

Fig.  87. — Carbonic  Fittings,  Angle  Valves. 
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three  in  number,  interlaced  so  as  to  be  vertically  over  one  another.  In 
this  design,  called  the  evaporative  open  condenser,  the  number  of  pipes 
may  be  as  many  as  48  high;  and  the  water,  being  supposed  to  be  cooled 
by  the  air  and  by  evaporation,  is  recirculated.  In  America  the  atmos- 
pheric condenser  which  was  at  first  30  pipes  high  has  been  reduced  to 
18  and  finally  to  12  except  in  certain  particular  designs  and  no  attempt 
at  recirculation  of  the  water  is  made  unless  a  separate  system  of  water 
cooling  is  provided  by  means  of  a  coohng  tower  or  by  the  use  of  sprays. 


Gas 
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J  •  Ex.  hy.  pipe 


IT 

Y 


E 


I'  Std.  pipe  tap ' 
-H-  Ex.  hy.' pipe 


-A-4--^ 


Fig.  88. — Carbonic  Fittings,  Oil  Separator. 
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All  dimensions  given  in  inches  unless  otherwise  specified. 

The  design  of  atmospheric  condensers  has  created  considerable 
interest  for  a  number  of  years.  First  came  the  Block  and  the  Shipley 
designs  of  "  flooded  "  condensers  whereby  the  gas  from  the  compressor 
was  mixed  with  liquid  ammonia  by  means  of  a  sort  of  ejector  nozzle  and 
during  the  remainder  of  the  process  the  mixture  of  gas  and  liquid  was 
cooled  by  metal  contact  with  the  condensing  water  as  in  the  other  designs 
of  atmospheric  condensers.  The  theory  advanced  was  that  the  super- 
heat in  the  ammonia  decreased  the  rate  of  heat  transfer  considerably, 
and  that  the  superheat  could  be  removed  quickly  by  means  of  this 
hquid  injection.  Tests  by  Ophuls  and  Greene^  disproved  some  of  these 
contentions.     Louis  Block  in  the  90's  devised  a  counterflow  atmospheric 

^  Ophuls  and  Greene,  Amerieai  Society  of  Refrigerating  Eng.  Journal,  1916. 
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condenser,  bringing  in  the  gas  at  the  bottom  and  making  the  upper 
pipe  a  dead  end.  In  order  to  remove  the  Hquid  he  drained  off  the  con- 
densate at  frequent  intervals  and  his  condenser  became  known  as  the 
driiJ  -pipe  or  bleeder  condenser.  Block's  whole  design  hinged  about  the 
importance  of  securing  a  counterfiow  of  the  refrigerant  and  the  water, 
an  arrangement  which  had  been  considered  essential  for  a  long  time, 
but  which  was  actually  accomplished  in  the  Block  (the  De  la  Vergne) 
design  by  the  use  of  a  large  number  of  fittings.  However,  recent  experi- 
ments are  changing  the  opinion  as  to  these  condensers,  and  it  is  doubtful 
whether  the  bleeder  or  the  flooded  condenser  will  be  very  popular  in  the 
future. 

Tests  in  the  Engineering  Experiment  Station  of  the  University  of 
lUinois  on  a  bleeder  type  of  condenser"*  using  two  thermocouples  per 
pipe  for  the  ammonia  temperatures  and  a  carefully  designed  measuring 
device  for  the  condensate  indicated  that  from  40  to  70  per  cent  of  all 
the  liquefaction  occurred  in  the  upper  pair  of  pipes,  the  larger  amount  of 
condensate  occurring  at  the  time  that  the  coldest  water  was  used. 
During  these  tests  the  condenser  pressure  was  constant,  and  variation 
was  possible  by  the  use  of  different  initial  temperatures  of  the  cooling 
water,  and  the  amount  of  water  used  was  that  required  to  maintain  a 
constant  head  pressure.  In  other  words  approximately  50  per  cent  of 
the  gas  traveled  through  some  200  ft.  of  condenser  pipe  before  liquefac- 
tion occurred.  Also  there  was  evidence  that  at  certain  times  the  upper 
pipes  filled  with  condensate  so  that  the  load  was  carried  by  the  next 
lower  pipe.  The  superheat  was  found  to  be  removed  in  the  second  or 
third  pipe,  depending  on  the  suction  pressure,  which  varied  the  load  on 
the  condenser,  whereas  the  fourth,  fifth,  sixth  and  the  seventh  pipe  from 
the  bottom  carried  no  appreciable  load  as  they  were  brought  into  metal 
contact  with  water  very  near  the  temperature  of  liquefaction.  The 
temperature  of  the  ammonia  in  the  condenser  was  practically  constant 
in  the  upper  nine  pipes. 

Similar  tests  on  a  double  pipe  condenser^  indicated  very  nearly 
similar  conditions  to  those  of  the  bleeder  condenser,  except  that  the 
maximum  Uquefaction  takes  place  in  the  lowest  pair  of  pipes,  which 
are  in  this  case  cooled  with  the  coldest  water.  Here  again  the  tempera- 
ture of  the  ammonia  was  found  to  be  practically  constant  in  the  lowest 
nine  pipes.  In  this  case  also  approximately  50  per  cent  of  the  ammonia 
gas  traveled  through  nearly  the  entire  condenser  before  liquefaction 
occurred,  and  the  temperature  of  the  gas  during  condensation  remained 
constant  as  theoretical  considerations  would  lead  one  to  expect. 

''  This  condenser  consisted  of  12  2-in  pipes,  approximately  20  ft.  long. 
*  This  was  IJ  X  2,  12  pipes  high,  approximately  20  ft.  long. 
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These  tests  would  seem  to  point  out  certain  fallacies.  If  the  tem- 
perature of  the  ammonia  remains  constant  throughout  the  condenser 
where  liquefaction  occurs  there  is  no  material  advantage  in  having  a 
counterflow  as  the  mean  temperature  between  the  water  and  the  am- 
monia will  be  identical  in  either  case.  However,  there  are  designs  which 
utilize  the  surface  more  effectively  than  others.  If  the  superheat  is 
removed  in  two  or  three  pipes  there  is  no  advantage  in  making  the 
condenser  more  complex  in  order  to  get  rid  of  the  superheat.  In  other 
words,  that  part  of  the  condenser  exposed  to  saturated  ammonia  has 
drops  of  liquid  forming  on  the  surface,  and  in  consequence  the  surfaces 
are  wet.  In  general  it  has  been  demonstrated  by  tests  that  heat  transfer 
is  decidedly  affected  by  the  condition  of  the  surface.  A  layer  of  inert 
refrigerant,  air  or  decomposed  ammonia  only  xfo  in-  thick  will  decrease 
the  rate  of  heat  transfer  to  about  1  per  cent  of  the  amount  that  could  be 
obtained  if  the  surface  were  subject  to  pure  conduction  only.  The 
same  thing  is  true  of  liquids,  for  if  liquids  are  present  a  surface  film  is 
formed  which  offers  a  great  resistance  to  the  flow  of  heat.  If  the  design 
is  such  that  one  half  of  the  cross  section  of  the  pipe  is  filled  with  liquid 
that  surface  not  submerged  is  going  to  be  more  effective  than  the 
remainder.  ^  The  bleeder  type  of  condenser,  for  example,  is  illustrative 
of  a  partially  flooded  condenser  condition  as  the  liquid  accumulates 
until  the  velocity  of  gas  flow  makes  the  liquid  move  upwards  to  a  drip 
connection,  or  the  head  is  developed  sufficient  to  cause  a  flow  downwards 
against  the  flow  of  the  gas.  The  flooded  condenser  is  designed  for 
more  or  less  filhng  of  the  pipes  with  liquid  and  the  surface  not  submerged 
is  made  highly  effective  by  the  increased  velocity  of  the  gas  flow  occa- 
sioned by  the  resulting  decrease  in  the  cross-sectional  area  of  the  pipe. 
This  velocity  is  paid  for  by  an  increase  in  the  pressure  of  discharge  of 
the  ammonia  from  the  compressor.  Tests  by  Ophuls  and  Greene  and 
by  Shipley^  have  indicated  that  the  best  condenser  is  that  which  drains 
the  condensate  most  promptly  and  which  has  as  direct  a  path  from  the 
condenser  to  the  receiver  for  the  Uquid  as  it  is  practical  to  obtain. 
The  tests  referred  to  refute  absolutely  the  value  of  the  flooded  type  of 
condenser  of  the  atmospheric,  the  double  pipe  or  the  sheU  and  tube 
design  and  indicate  that  the  value  of  the  bleeder  atmospheric  condenser 
cannot  be  very  great  from  the  standpoint  of  getting  counterflow. 
There  may  be  an  advantage,  however,  in  increasing  the  effectiveness  of 
the  heat  transfer  surface  by  a  prompter  removal  of  the  condensate  over 
that  which  would  be  possible  in  the  case  of  the  common  type  condenser 
and  to  a  lesser  extent  in  the  double-pipe  counterflow  condenser.  In  all 
pipe  condensers,  however,  there  appears  to  be  an  objection  due  to  the 
*  Shipley,  National  Association  of  Practical  Refrigerating  Engineers,  1923. 
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Fig.  90. — Common  Atmospheric  Ammonia  Condenser. 


slowness  of  the  removal  of  the  liquid,  and  in  the  resulting  non-effective- 
ness of  a  portion  of  the  surface. 

The  Common  Atmospheric  Condenser. — The  common  atmospheric 

condenser  is  shown  in 
Fig.  90.  It  usually  has 
at  least  three  pipes  at 
the  bottom  for  the  re- 
moval of  the  superheat, 
and  then  the  gas  passes 
to  the  top  of  the  con- 
denser. As  the  top  pipe 
has  the  coldest  water, 
practically  the  entire 
load  of  condensation  is 
taken  by  the  upper  four 
pipes,  except  when  the 
condenser  has  a  heavy 
load  due  to  a  higher 
suction  pressure  or  when  relatively  large  quantities  of  warm  water  are 
showered  over  the  condenser.  The  liquid  produced  passes  from  one  pipe 
to  another  and  finally  drains  off  at  the  low  point.  There  is  small  likeli- 
hood of  liquid  sub-cooling  because  the  temperature  of  the  liquid  leaving 
the  last  pipes  subject  to 
saturation  conditions  are  in 
metal  contact  with  rela- 
tively warm  water.  The 
pipe  surface  in  the  lovv^er 
condensation  pipes  is  partly 
non-effective,  due  to  the 
presence  of  liquid  ammonia 
which  has  to  pass  through 
all  the  pipes  to  the  bottom 
in  order  to  get  out,  but  this 
is  not  such  an  important 
factor  as  the  lower  pipe 
surface  is  not  very  much  Fig.  91.— Four  Stands  of  Atmospheric  Condensers, 
needed  for  liquefaction  pur- 
poses. In  all  likehhood  six  pipes  in  the  region  of  saturation  are 
plenty  and  the  16,  18,  21  and  30  pipe  condensers  are  uneconomical  of 
pipe  surface  as  far  as  condensing  ammonia  is  concerned.  The  surface 
usually  supplied  is  from  8  to  10  sq.  ft.  per  ton  of  refrigeration. 

The  Bleeder  Condenser. — The  bleeder  type  atmospheric  condenser  is 
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shown  in  Fig.  92.  The  hot  gas  always  enters  at  the  bottom  and  ascends 
so  that  the  upper  pipe  is,  to  all  intents  and  purposes,  a  dead  end.  The 
coldest  water  is  showered  over  the  entire  length  of  the  upper  pipe  and 


^Sprinkler  trough 


Air  valve 


Fig.  92. — The  Bleeder  Type  Condenser. 

this  is  where  the  greatest  load  on  the  condenser  occurs.  Two  and  some- 
times three  tap  offs  are  provided  for  the  removal  of  the  liquid.  Tests 
indicate  little  difference  in  the  static  pressure  between  the  gas  entering 
the  bottom  and  the  gas  in  the  top  pipe,  and  this  slight  difference  is 


Fig.  93. — Six  Stands,  Atmospheric  Ammonia  Condensers,  with  Headers  and  Water 

Distributing  Troughs. 


easily  accounted  for  in  the  resistance  to  the  flow  of  the  gas  through  the 
pipes  and  fittings.  From  6  to  10  sq.  ft.  of  surface  are  provided  per  ton 
of  refrigeration  as  a  rule. 

The  Flooded  Atmospheric  Condenser. — The  flooded  atmospheric  con- 
denser, (Fig.  94)  uses  an  ejector  nozzle,  as  shown  in  the  insert,  in  order  to 
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pick  up  the  liquid  condensate  required  for  its  proper  performance.  The 
lower  pipes  are  practically  similar  in  effect  to  those  shown  in  the  com- 
mon atmospheric  condenser.  It  would  appear  that,  after  the  liquid  is 
picked  up  by  the  gas,  and  is  carried  in  more  or  less  large  plugs  up  to  the 
upper  pipe,  on  arrival  at  the  upper  part  of  the  condenser  the  Uquid 
separates  from  the  gas  and  the  two  flow  independent  of  one  another 
except  for  the  contact  at  the  top  of  the  liquid  surface.  The  velocity  of 
the  gas  in  2-in.  pipe  is  small,  being  at  usual  (and  standard)  operating  con- 
ditions about  8  ft.  per  second  average  velocity  for  the  cross  section  of  the 
pipe.  With  the  flooded  condenser  the  net  area  available  for  the  passage 
of  the  gas  would  be  one-half  or  possibly  one-quarter  of  this  amount  and 
the  velocity  of  the  gas  would  be  increased  in  proportion  to  the  decrease 
of  cross-sectional  area.     Remarkable  performances  have  been  obtained 


Detail  'X' 


Fig.  94. — The  Flooded  Type  Ammonia  Condenser. 


at  times  with  this  condenser,  but  when  placed  in  parallel  with  other 
flooded  condensers  it  is  next  to  impossible  to  keep  all  the  condensers 
performing  equally.  This  condenser,  also,  is  not  one  that  will  give  the 
minimum  head  pressure,  and  this  pressure  may  increase  20  lb.  without 
any  apparent  cause. 

The  Double-pipe  Condenser. — The  atmospheric  condenser  needs  to 
be  used  on  the  roof  or  otherwise  located  so  as  to  expose  freely  the  wetted 
surfaces  to  the  air,  which  should  pass  through  the  stands  freely.  Where 
convenience  or  necessity  requires  the  condenser  to  be  located  in  the 
compressor  room  some  other  form  or  design  must  be  used.  For  such 
conditions  as  in  theatres,  office  buildings,  hotels,  etc.,  the  double-pipe 
condenser  needs  to  be  used  and  (up  to  within  the  last  few  years)  also 
for  small  installations. 

The  double-pipe  condenser  (Fig.  95),  takes  the  gas  at  the  top  and 
the  water  enters  at  the  bottom.  The  action  of  this  condenser  is  counter- 
flow,  the  refrigerant  being  inside  the  outer  and  the  water  inside  the 
inner  pipe.     The  water  is  therefore  restrained,  passing  definitely  from 
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pipe  to  pipe  and  has  the  number  of  passes  corresponding  to  the  num- 
ber of  pipes  high  of  the  stand.  Having  a  fixed  path  the  water  velocity 
can  be  varied  at  will,  something  which  is  not  true  of  any  of  the  atmos- 
pheric condensers  or  of  the  vertical  shell  and  tube  condenser.     The 

l<— is!-- 


Purge  &  pumpout 
connection 


water  outlet  heade 


Length  of  2"pipe  17'-  6" 
Length  of  3" pipe  16'- 2" 


Fi(i.  95. — The  Double-pipe  Condenser. 


capacity  of  the  condenser  can  then  be  varied  at  will  by  changing  the 
amount  of  water  pumped  through  the  condenser,  although — incident- 
ally— the  friction  head  to  be  overcome  by  the  water  circulating  pump 
increases  very  decidedly  with  an  increase  of  the  water  velocity.  The 
small  cross-sectional  area  for  the  passage  of  the  gas  on  entering  the 
condenser  causes  some  shock  and  vibration  of  the  condenser  and  this 
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needs  to  be  guarded  against.  There  are  also  a  large  number  of  special 
fittings  and  special  gaskets  so  that  the  condenser  may  have  trouble  from 
gas  leaks  unless  the  pipe  and  fittings  are  welded  throughout,  a  resort 
which  is  becoming  common  in  the  case  of  the  carbonic  condenser. 

As  the  gas  enters  the  top  and  passes  downward  through  the  stand 
liquefaction  takes  place,  but  by  far  the  greatest  amount  of  the  condensate 
takes  place  in  the  lower  two  pipes  incidental  with  the  coldest  water. 
However,  the  sub-coohng  effect  due  to  the  counterflow  does  not  appear 
to  be  borne  out  in  practice  unless  resistance  to  free  draining  or  some 
other  cause  makes  the  liquid  accumulate  in  the  lower  pipes.  Sub- 
cooling  is  therefore  not  an  inherent  advantage  of  the  douVjlc-pipe  con- 
denser, but  indicates  faulty  piping  or  something  not  as  it  should  be  in  a 
correctly  designed  and  erected  apparatus.  This  condenser  is  frequently 
a  favorite  for  it  has  a  large  value  of  heat  transfer,  and  is  excellent  in  its 
performance,  provided  the  water  is  reasonably  free  from  scale-forming 
impurities.  Unhke  the  atmospheric  and  the  shell  and  tube  condenser 
there  is  no  appreciable  splash  of  the  water  off  of  the  condenser  surfaces, 
which  is  a  factor  of  extreme  importance  at  times.  The  double-pipe 
condenser  usually  has  from  6  to  10  sq.  ft.  per  ton  of  refrigeration. 

The  Shell  and  Tube  Condenser. — The  shell  and  tube  condenser  (P'ig. 
96)  is  the  latest  and,  from  the  design  point  of  view,  the  best  ammonia 
condenser  built  at  the  present  time.  Except  for  the  small  self-contained 
units,  where  the  condenser  is  multi-pass  and  is  placed  horizontall}^,  the 
shell  and  tube  condenser  is  vertical  and  is  designed  for  2-in.  tubes. 
The  length  of  the  tubes  may  vary  from  6  ft.-O  in.  in  the  5-  or  6-ton 
size  to  10,  12  or  16  ft.,  depending  in  the  larger  sizes  on  the  head  room  in 
the  plant  and  the  desires  of  the  purchaser.  The  tubes  are  rolled  into 
the  tube  sheet  in  a  manner  similar  to  a  boiler  tube.  The  tubes  are  laid 
out  on  approximately  2f-in.  centers,  with  the  rows  of  tubes  at  60  degrees 
with  one  another  similar  to  steam  surface  condenser  practice.  Open 
lanes  can  be  provided  and  the  gas  enters  in  the  center  of  the  shell  as  a 
rule.  As  the  condenser  applied  to  refrigeration  is  comparatively  new 
it  is  not  clear  what  will  be  the  outcome,  but  there  is  every  indication 
that  it  will  be  the  most  popular  design,  especially  in  the  larger  sizes. 
It  is  compact  to  a  remarkable  degree  as  a  100-ton  condenser  needs  to 
be  only  about  46  in.  in  diameter  and  14  ft.  to  2  in.  total  height  and  it 
is  free  from  the  multiphcity  of  valves  and  fittings,  although  there  is  a 
chance  for  the  tubes  to  require  additional  rolling  to  maintain  tightness. 

The  water  distribution  is  obtained  by  means  of  saw-tooth  distributors, 
by  a  distribution  designed  to  give  the  condensing  water  a  whirling  action 
or  other,  the  objective  being  to  keep  the  water  on  the  inside  surface  of 
the  tubes  and  yet  limit  the  amount  of  the  thickness  of  the  water  to  a 
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-58  J"  Tube  sheet  dia. 

-54^  Dia.  flared  ends » 

■51f  Dia.  rivet  circle --*i 

484"  Dia-  bolt  'i'?l«-^,,* 'S'^U^    Weld  inside 
-45ri.D.---]lp^£'!yC^Vn^  and  outside. 


View  of  Bottom  Tube  Head 
looking  in  direction  of  Arrow  "X" 


2"0.D.  Tube  Layout 


Fig.  96.— The  Shell  and  Tube  Condenser. 
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Fig.  97. — Water  Distributors  for  Shell  and  Tube  Condensers. 


Diagram  of  Vogt  Multitube  Condenser  (7  Pass) 
Fig.  98. — The  Multitube  Ammonia  Condenser. 
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Water  baffle 


aV2Thick  tube  head 


thin  film.  As  the  water  enters  the  tubes  at  the  top  the  greater  part  of 
the  hquefaction  takes  place  in  the  upper  part  of  the  condenser  and  the 
condensate  flows  by  gravity  down  the  tubes.  There  are,  therefore, 
two  liquid  films — of  Hquid  ammonia  on  the  outside  and  of  water  on 
the  inside  of  the  tubes.  However  there  is  little  tendency  for  the  forma- 
tion of  an  inert  film  on  the  surfaces  and  in  consequence  the  rate  of  heat 
transfer   is   large   and  there  j„ 

is  a  prompt  freeing    of    the     4  Steel  water  box ^ 

surface  of  the  liquid  conden- 
sate and  the  heat  transfer  sur- 
face remains  effective.  The 
gas  from  the  compressor  may 
enter  lanes  arranged  for  it  in 
the  condenser  so  that  the  gas 
shock  is  negligible.  Arranged 
in  batteries  there  is  no  diffi- 
culty in  making  each  con- 
denser take  its  proper  share 
of  the  load.  A  safety  valve 
on  the  condenser  will  safe- 
guard against  excess  pressure, 
which  otherwise  might  cause 
rupture  of  the  shell.  The 
shell  and  tube  condenser  is 
designed  at  present  (1927)  for 
from  12  to  15  sq.  ft.  of  heat 
transfer  surface  per  ton  of 
refrigeration,  but  tests  by 
the  author  indicate  that  this 
amount  is  excessive. 

Heat  Removed  by  Condenser. — The  heat  removed  by  the  condenser 
is  equal  to  the  refrigerating  effect  plus  the  heat  equivalent  of  the  work 
done  on  the  gas  during  the  compression.  This  may  be  expressed  per 
ton  of  refrigeration  per  minute  as  follows : 


Double  butt  strap  joint 
welded  inside  O 

and  outside 


o 
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Fig.  99.— The  Shell  and  Tube  Condenser. 


Qc  =  the  indicated  horse  power  times  42.44  plus  200 
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Where  4  —  t's  is  equal  to  the  increase  of  the  total  heat  per  pound  of 
ammonia  during  the  compression,  i^  —  ^2  is  the  refrigerating  effect  per 
pound  of  ammonia  and  E,-  is  the  real  volumetric  efficiency  of  the  com- 
pressor.    With  an  expansion  valve  ii  =  io  (Fig.  1). 
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Water  Requirements  of  The   Condenser. — Amount   of  condenser 
water  in  gallons  per  ton  per  minute 

200('A^)  X  (i-  +  1 


8.33  X  (^2  -  ^i)  8.33  X  {to  -  h) 

where  the  term  (1-2  —  h)  represents  the  rise  in  temperature  of  the  con- 
densing water. 

Heat  removed  theoretically  from  different  parts  of  the  condenser  per 
ton  per  minute. 

^        _    200  Xr 

0"  ^latent  —    /  •  •  \ 

{13  —  n) 
where 

r  =  H  —  ii  (Fig  1) 

The  points  1  and  7  will  coincide,  unless  a  separate  aftercooler  is  used, 
if  no  inert  gases  are  present  in  the  condenser. 

_  200  X  (ti  -  ii) 

0.  Vaftercooler  — 


c.  Qs 


{h  —  ii) 
200  X  {u  -  i&) 


{superheat  —  /  •  •  \ 

(is  —  ^7) 
and  the  average  mean  temperature  difference  is : 

.    _Qiti-\-Qata-^  Qs  ts 


where  ta,  tb,  and  tc  are  the  average  temperature  differences  in  the  latent 
heat,  the  aftercooler  and  the  superheat  regions  respectively. 

The  Effect  of  Inert  Gases  in  the  Condenser, — In  steam  condenser 
practice  using  the  surface  condenser  it  has  been  found  that  the  presence 
of  air  in  the  steam  has  the  effect  of  reducing  very  greatly  the  coefficient 
of  heat  transfer  and  that  this  value  could  be  from  5  to  10  times  as  great 
as  is  found  in  actual  practice  if  air  could  be  eliminated.  The  effect  of 
this  air  in  the  surface  condenser  is  to  mix  with  the  condensible  gases, 
and  as  condensation  continues,  to  become  more  and  more  concentrated 
as  it  approaches  the  surface  of  the  tubes.  The  result  of  this  is  the 
development  of  a  non-condensible  gas  film  on  the  metal  surface.  As 
the  amount  of  air  in  the  condenser  increases  the  thickness  of  this  air 
film  increases,  resulting  in  a  lowering  of  the  value  of  the  coefficient  of 
heat  transfer.  In  addition  to  the  loss  of  surface  efficiency  the  total 
pressure  of  the  condenser  is  increased  in  accordance  with  Dalton's  law 
which  says  that  the  total  pressure  is  the  sum  of  the  partial  pressures, 
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and  that  the  partial  pressures  exerted  by  each  gas  or  vapor  are  those 
which  would  be  caused  by  each  occupying  the  volume  by  themselves. 
In  other  words, 

p  =  pi  —  p2 

where  pi  =  partial  pressure  of  the  air 

P2  =  partial  pressure  of  (in  this  case)  the  ammonia 

Main  water  header 
Galv.  steel  sprinkling  trough 

\ 


Fig.  100. — Atmospheric  Type  COo  Condenser. 
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In  the  case  of  the  ammonia  condenser  the  partial  pressure  of  the 
air  in  pounds  per  square  inch  could  be  calculated,  if  the  volume  of  the 
condenser  were  known  and  the  temperature  and  the  weight  of  the  air 
present  could  be  determined.  Then  by  means  of  the  characteristic 
equation  for  a  perfect  gas  (air), 

pv  =  MBT 

where  M  =  weight  of  gas  in  pounds; 

B  =  gas  constant  =  53.3  for  air; 
T  =  absolute  temperature  of  the  air  in  degrees  F. ; 
V  =  volume  in  cubic  feet  of  the  gas  under  a  pressuro  p  lb.  per 
square  inch  absolute. 

The  partial  pressure  of  the  ammonia  is  that  corresponding  to  the 
temperature  during  liquefaction,  as  given  in  the  ammonia  tables. 

For  example  a  stand  of  12-2  in.  pipes,  20  ft.  long,  has  a  volume  of 

12  X  20 
approximately  — nrr^ —  cu.  ft.  and  the  weight  of  air  that  would  exert 

a  pressure  of  10  lb.  per  square  inch  at  a  temperature  of  70  deg.  F.  is 

_   vv   _  10  X  12  X  20  X  144  _ 
^^  -Bf-     42.9  X  53.3  X  530    "  ""^^^  ^^- 

As  the  refrigerating  system  is  a  closed  one  and  the  pressure  is  nor- 
mally always  greater  than  atmospheric  pressure  there  is  not  much  reason 
for  air  to  get  into  the  condenser.  However  there  is  always  some  air 
remaining  in  the  system  on  charging,  or  whenever  repairs  are  made  to 
any  part  of  the  plant  and  undoubtedly  some  air  enters  the  compressor 
when  it  is  operated  at  a  suction  pressure  below  that  of  the  atmosphere. 
The  action  of  the  boiling  of  the  refrigerant  in  the  evaporating  coils, 
and  the  velocity  of  the  gas  flow  into  the  co:-:pressor  and  the  condenser 
results  in  the  picking  up  of  the  air  and  the  final  depositing  of  it  in  the 
condenser.  Any  non-condensible  gas  which  enters  the  condenser  will 
stay  there  until  it  is  pumped  out  or  leaks  out  (with  the  ammonia)  and 
as  it  accumulates  the  pressure  will  increase. 

The  old  method  of  purging  non-condensible  gases  from  the  con- 
denser was  to  open  the  purge  valve  and  permit  some  of  the  gas  to  escape 
to  the  atmosphere.  However  to  save  ammonia  some  special  device  is 
necessary,  for  if  air  once  gets  into  the  condenser  it  is  next  to  impossible 
to  get  rid  of  it,  by  purging,  without  loss  of  ammonia.  The  best  method 
of  purging  is  to  permit  a  slight  flow  of  gas  from  the  condenser,  or  from 
the  top  of  the  liquid  receiver,  either  continually  or  intermittently  and 
to  refrigerate  this  gas  by  means  of  a  special  evaporating  coil.  The  gas 
permitted  to  escape  under  these  conditions  will  be  air  in  most  part, 
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All  dimensions  given  in  inches  unless  otherwise  specified. 
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All  dimensions  given  in  inches  unless  otherwise  specified. 
Fig.  101. — Carbonic  Fittings — Flanges. 
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although  the  volume  of  gas  in  the  holder  contains  as  much  ammonia  as 
would  be  present  at  that  temperature  were  there  no  air  present,  and  the 
weight  of  ammonia  purged  would  be  the  total  volume  of  gas  purged 
(at  the  pressure  of  the  tank)  divided  by  specific  volume  of  ammonia 
at  the  temperature  maintained  by  the  cooling  coils.     If  one  cubic  foot 

is  purged  and  the  temperature  is  0  deg.  F.  then  ^—^  =  0.11  lb.  of  am- 
monia is  lost,  but  if  the  temperature  is  32  deg.  F.  then  t-^  =  0.216  lb. 

4.04 

will  be  the  amount  of  ammonia  lost. 


TABLE  19 
Receivers — High-pressure  Oil  Separators — Ammonia  Accumulators 
Ammonia  Receivers 


Tons  Ice 
Making 


Diameter, 
Inches 


Length 


Pipe  Connec- 
tions, Inches 


Weight, 
Pounds 


1  and  2 

3 

4 

5  and  6 
8  to  20 
25 

30  to  50 

60  to  100 

125  to  200 


12 
12 
12 

16 
20 
20 

20 
24 
24 


'eet 

Inches 

4 

0 

6 

0 

8 

0 

7 

0 

7 

0 

10 

0 

IG 

0 

14 

0 

16 

0 

u 

2 
2 


290 
375 
460 

475 
650 
850 

1200 
1600 
1770 


H 

.  P.  Oil  Separators 

1  to    12 

12 

3           0 

li  and  2 

220 

15  to    35 

16 

4          0 

2^  and  3 

370 

40  to    60 

20 

5           0 

3^  and  4 

600 

75  to  100 

24 

5           0 

5    and  6 

890 

Ammonia  Accumulators 

1  to    12 

12 

3           0 

li  and  2 

285 

15  to    25 

16 

4          0 

2^  and  3 

400 

30  to    75 

20 

5          0 

3^  and  4 

650 

100  to  200 

24 

5          0 

5    and  6 

910 
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TABLE  21 

Dimensions  of  Ammonia  Companion  Flanges 

Tongue  and  Groove — Crane  Co. 

T 


Male 


Female 


All  Dimensions  Given 

in  Inches 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

0 

P 

7 

14 

9^ 

81 

91 

9H 

8^ 

2A 

1.61 

1  i^ 

I  16 

u 

71 

1 

3 
16 

111 

12-  1 

8 

15 

lOf 

91 

101 

lOM 

9A 

9-i 

^16 

1.71 

1   29 
J-  32 

If 

8i 

1 

4 

3 

16 

13 

12-  1 

10 

17^ 

121 

llf 

131 

13A 

11^ 

2f 

1.92 

26^ 

11 

11 

1 
1 

A 

15i 

16-1 

12 

20J 

m 

131 

15i 

15A 

13A 

2A 

2.12 

2A 

2 

13 

1 

1 

3 
16 

17f 

16-11 

TABLE  22 
Flange  Dimensions  of  "York"  Oval  Flange  Fittings 


All  Dimensions  Given  in  Inches 


Size 

A 

B 

c 

D 

E 

F 

G 

// 

/ 

J 

ii: 

L 

M 

A^ 

0 

P 

0 

iJ 

S 

r 

u 

i 

h 

a 

_3_ 

\ 

i 

1 

A 

\ 

h 

if 

1 

fl 

If 

m 

1} 

A 

f 

2i 

Si 

« 

i  and  i 

i 

if 

J 

h 

_5^ 

1 

A 

i 

^ 

li  U 

lA 

U 

IM 

2i 

i 

t 

2| 

3f 

A 

i 

i 

lA 

1% 

\ 

_5_ 

u 

3 

i 

^ 

a  lA 

IH 

IH 

Iff 

2A 

A 

i 

2f 

4i 

H 

1 

1 

lA 

i 

2 

A 

u 

i 

i 

A 

lA  If 

IM 

21 

2A 

2i 

i 

J 

31 

4i 

a 

li 

li 

If 

A 

i 

_s_ 

11 

A 

^ 

A 

IM  IH 

IM 

2A 

2^ 

2| 

A 

i 

3A 

4J 

H 
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TABLE  23 

Dimensions  of  "York"  Tongue  and  Groove  Round  Flanges 

Tongue  ^In  tapping,  gauge  from  bottom  of  chamfer 


K A : . 


Groove 


All  Dimensions  Given  in  Inches 


Size, 
P.T. 

A 

B 

C 

£) 

E 

F 

G 

// 

I 

/ 

K 

L 

M 

iV, 
Core 

Bolt 

s 

B.C. 

No. 

Size 

2J 

7i 

31 

4i 

f 

i 

lA 

1- 

3i 

3M 

3 

2M 

h 

i 

I 

5J 

6 

JX4 

3 

71 

4A 

4f 

1 

A 

lA 

11 

41 

4H 

31 

3H 

Ti 

i 

I 

6i 

6 

fX4i 

3i 

81 

4J 

51 

f 

_s_ 

11 

19 

4i 

411 

4i 

4A 

A 

i 

Qi 

8 

fX4i 

4 

91 

5f 

61 

1 

f 

IH 

u 

5i 

5H 

4| 

4H 

A 

i 

7| 

8 

lX4i 

4J 

91 

511 

6^ 

i 

1 

U 

lU 

6 

6A 

5i 

5A 

A 

I 

8 

8 

iX4} 

5 

lOi 

6A 

7 

8 

il 

IH 

2 

61 

6H 

5f 

5H 

A 

i 

8J 

8 

iX4i 

6 

lU 

71 

81 

A 

i 

U 

2A 

7J 

7M 

7 

6|i 

A 

I 

n 

8 

fX5 

7 

12i 

8| 

9 

A 

n 

2i 

2A 

81 

8H 

7J 

7H 

A 

1 

101 

8 

JX5J 

8 

Hi 

91 

lOi 

J 

I 

2i 

21 

91 

9e 

9 

8Ji 

A 

1 

12 

8 

1X6 

10 

16i 

12 

12J 

1 

if 

21 

2| 

12 

12A 

11 

lOfi 

A 

IX    IJ 

14i 

12 

|X6i 

12 

181 

14i 

14| 

1 

lA 

2^ 

21 

14i 

14A 

13i 

13A 

A 

UXU 

16J 

12 

1    X6i 
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TABLE  25 

Length  of  "York"  Return  Bends 

Flanged  Bends 


All  Dimensions  Given  in  Inches 
Oval  Flanged 


Size 

i-i 

X 

Size 

i-i 

X 

Size 

t-i 

X 

li 
U 

31 
4 

4A 

4i 

U 

4^ 

4| 

U                  6           !         51 

Square  Flanged 


Size 

i-i 

X 

Size 

i-i 

X 

Size 

i-i 

X 

li 

4i 

41 

2 

8 

6i 

2^ 

5i 

4i 

li 

8^ 

6H 

2 

8j 

7i 

3 

12 

10 

U 

6 

5A 

2 

9 

7i 

4 

12 

lOH 

n 

8 

6A 

2 

10 

Vi 

li 

4 

4^ 

2 

41 

41 

2 

12 

8U 

li 

6 

5i 

2 

6 

5i 

2 

15 

51 

Solid  Screw  Bends 


Split  Screw  Bends 


Size 

i-i 

a: 

Size 

«!-(! 

X 

Size 

i~i 

X 

11 

2A 

li 

7 

5A 

2 

3i 

4i 

2h 

2H 

li 

8 

5il 

2 

3i 

4| 

3 

3  A 

li 

11 

7A 

2 

4 

4i 

4 

3H 

U 

2h 

3i 

2 

4| 

4i 

6 

4H 

U 

21 

3ii 

2 

6 

5A 

2i 

3^ 

U 

2i 

4t^ 

2 

8 

6^ 

2\ 

3i 

U 

3 

3il 

2 

10 

Th 

3 

31 

Ij 

4 

4A 

2^ 

6 

6A 

3i 

3H 

u 

6 

5A 

3 

6 

6| 

4 

3H 

u 

8 

6A 

3? 

6 

61 

4^ 

4A 

2 

3 

41 

4 

8 

8i 

5 

4|i 

2 

3 

3H 

4 

10 

9A 

6 

4U 

2 

3i 

4A 

4 

12 

lOi 

6i 

5A 

Size 

t-i 

X 

Size 

)^-(S 

X 

Size 

i-t 

X 

2h 

3 

li 

5 

51 

2 

4 

6A 

3 

3i 

li 

6 

64 

2 

41 

5il 

4 

31 

U 

4 

5i 

2 

6 

6^ 

6 

4i 

15- 

6 

6i 

2 

8 

7tV 

li 

21 

4i 

2 

3i 

5^ 

2^ 

6 

7i 

li 

3 

4i 

2 

31 

5i^ 

3 

6 

7A 

if 

4 

4i 

51 
5A 

2 

31 

5A 

4 

8 

911 
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TABLE  26 

General  Dimensions  of  "  York  "  Ells,  Crosses  and  Tees 

Oval  Flange 


[*--<i— >j  d=dia.  of  bd 


All  Dimensions  Given 

in  Inches 

Size 

A 

B 

C 

Z) 

E 

G 

H 

d 

i 

2A 

21 

If 

s 

3^ 

n 

1 

i  and  j 

2M 

21 

2i 

1 

U 

31 

ii^ 

\ 

1 

3A 

3J 

2tV 

n 

11 

41 

ii 

1 

1 

3A 

3^ 

2^ 

n 

If 

4^ 

lA 

1 

u 

3H 

3f 

21 

11 

IJ 

41 

m 

1 

Square  Flange 


■-B->|^-A-H 


d=dia.  of  bolt 


Size 

A 

B 

C 

Z) 

E 

H 

d 

2H 

21 

3 

n 

l\ 

i 

1 

3,^ 

3^ 

31 

u 

11 

- 

u 

3H 

31 

32 

lA 

lii 

-M 

n 

4A 

4i 

4 

1  J- 

2  — 

f)5 

2 

4A 

4i 

41 

H 

2\ 

3A 

2* 

6A 

6 

51 

ji 

3-^ 

4 

3 

6A 

6 

6i 

11 

34 

41 

3^ 

6A 

6^ 

61 

i| 

4i 

4A 

4 

7t^ 

7 

7J 

U 

5 

5 

I 

5 

7A 

7^ 

8 

2 

&\ 

5i 

i 

Screw  End 


-^_''S' 


Size 

A 

B 

C 

Size 

A 

B 

C 

Size 

A 

B 

C 

1 

1 

u 

U 

2i 

2fi 

2A 

3^ 

4 

5f 

5i 

3 

u 

u 

H 

U 

2i 

3 

21 

4 

41 

61 

51 

\ 

lA 

1  — 

2 

21 

31 

3^ 

5 

5i 

7J 

61 

1 

n 

It 

lA 

2§ 

3i 

4i 

31 

6 

6i 

9 

8 

1 

IM 

2A 

IH 

3 

31 

5 

i\ 
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TABLE  27 

Principal  Dimensions  of  "York"  Ammonia  Valves 

Oval  Flange 


All  Dimensions  Given  in  Inches 


Size 

A 

B 

C 

D,  Closed 

/),  Open 

E 

F 

G 

H 

i 

2| 

2A 

U 

71 

8i 

4 

2i 

3h 

4i 

i 

21 

2}| 

2i 

81 

9^ 

4 

2| 

31 

5 

i 

2f 

2H 

2J 

SI 

9^ 

4 

21 

3f 

5 

i 

3i 

3A 

2i% 

9 

9H 

4 

2J 

4J 

5H 

1 

3i 

3A 

2^ 

9i 

lOi 

4 

3i 

4^ 

51 

U 

31 

3}| 

2| 

lOH 

Hi 

5i 

3  A 

4i 

en 

Square  Flange 


Size 

A 

B 

C,  Closed 

C,  Open 

D 

E 

F 

G 

u 

3i 

3il 

8A 

9A 

41 

3| 

21 

6A 

U 

4i 

4A 

lOH 

m 

5a^ 

4 

21 

6ii 

2 

4i 

43^ 

121 

13A 

Oi 

4,^ 

3  A 

7A 

21 

6 

6^ 

13^ 

13  H 

6i 

5| 

4 

7H 

3 

6 

6A 

14^ 

15A 

8 

6J 

4| 

8ii 

3^ 

6i 

6A 

14J 

15| 

8 

61 

4^ 

9iV 

4 

7 

7A 

16i 

171 

10 

71 

5 

9f 

5 

7i 

7A 

18 

191 

12 

8 

51 

llj 
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TABLE  28 

Principal  Dimensions  of  "York"  Ammonia  Valves 

Screw  Valves 


All  Dimensions  Given 

n  Inches 

Size 

A 

B 

C 

D,  Closed 

D.  Open 

£ 

i 

11 

11 

4 

7i 

8i 

41 

1 

2 

IH 

4 

81 

95 

5 

i 

2 

Ul 

4 

81 

95 

5 

I 

21 

2A 

4 

9 

9}i 

5H 

1 

2i 

2i 

4 

95 

lOi 

51 

U 

2J 

2f 

55 

10  H 

Hi 

6M 

u 

3 

3 

55 

lOH 

lU 

651 

2 

3^ 

31 

6f 

125 

13A 

7,^ 

2i 

4i 

41 

6! 

13A 

13A 

751 

3 

4i 

5 

8 

HA 

15A 

851 

Round  Flange  Valves 


Size 

A 

B 

C.  Closed 

C,  Open 

D 

E 

F 

G 

Bolts 

25 

6 

75 

155 

15J 

6j 

10 

55 

Ij 

6-1 

3 

6 

75 

14  A 

15A 

8 

851 

65 

15 

6-f 

35 

65 

81 

14  J 

155 

8 

9A 

Gi 

J  1 

8- J 

4 

7 

91 

165 

171 

10 

91 

7| 

1' 

8-i 

41 

7i 

9i 

8 

1  ^^ 

8-1 

6 

75 

lOi 

18 

191 

12 

115 

85 

U 

8-1 

6 

85 

115 

20  A 

215i 

11 

13A 

91 

15 

8-i 

7 

10 

12J 

21 

22- 

14 

145 

lOJ 

I5i 

8-i 

8 

12 

145 

221 

245 

14 

16A 

12 

2 

8- J 

10 

14 

165 

24  H 

27A 

18 

18 

145 

2 

12-i 

12 

16 

181 

27  5i 

3051 

18 

20  A 

16^ 

25 

12-1 
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TABLE  29 

General  Dimensions  of  "York"  Gland  End  Fittings 

Globe  and  Angle  Valves 


H=  Size  of  bolt 


>UVJ L.  ii 


Dimensions  below  Heavy  Line  Indicate  Four  Bolt  Fittings 
AU  Dimensions  Given  in  Inches 


Size 

A 

B 

C,  Closed 

C,  Open 

D 

S 

F 

G 

ff 

i 

Ol 

li 

SI 

9i 

4 

25 

35 

5 

1 

2| 

2i 

9 

9U 

4 

2i 

3J 

5H 

1 

2h 

2| 

9i 

lOi 

4 

3i 

45 

55 

li 

3i 

21 

10  H 

Hi 

55 

35 

45 

651 

li 

3i 

31 

lOH 

Hi 

55 

3f 

41 

651 

2 

31 

31 

12i 

13^ 

61 

4i 

51- 

7A 

2h 

a 

4i 

13A 

13il 

6J 

5 

6i 

7H 

3 

5 

5 

14t^ 

15t\ 

8 

6i 

71 

851 

3 

3i 

5J 

5J 

14J 

15i 

8 

65 

71 

9A 

5 

4 

6 

6i 

16i 

171 

10 

7i 

8i 

9i 

1 

5 

7 

7i 

18 

191 

12 

85 

10 

Hi 

f 

Tees  and  Ells 


G  =  Size  of  bolt 

(<--F-->i 


Size 

A 

B 

C 

D 

E 

F 

G 

5 

If 

li 

1 

15 

35 

25 

1 

If 

25 

s 

lii 

35 

2- 

1 

U 

2f 

f 

2A 

45 

35 

li 

25 

25 

1 

4 

25 

45 

35 

15 

2! 

35 

i 

2i 

4| 

3| 

2 

25 

31 

1 

3A 

5i 

4i 

25 

35 

4i 

15 

3i 

6i 

5 

3 

3f 

5 

15 

41 

7f 

6i 

35 

41 

55 

15 

5iV 

7f 

65 

4 

5i 

6i 

li 

51 

8i 

7i 

5 

6 

75 

15 

65 

10 

85 

144 


PITTINGS   AND   CONDENSERS 


TABLE  30 

General  Dimensions  of  "  York  "  Screw  and  Flange  Ells  and  Tees 

Screw  and  Flange  Ells 


All  Flange  Dimensions  Standard  Except  as  Noted 
Dimensions  above  Heavy  Line  Are  for  Oval,  below  for  Square 


Size 

A 

B 

c 

D 

1 

1 

3 
4 

11 

1  and  5 

1| 

7 
8 

IM 

3 

i 

u 

1 

m 

1 

u 

u 

2A 

li 

If 

n 

2f^ 

1 

2 

2 

^s 

lA 

H 

1 

2f 

3 

2A 

U 

u 

3f 

3f 

2H 

IM 

1^ 

41 

^ 

3 

2A 

2 

4i 

H 

3§ 

2f 

2^ 

6 

6 

41 

3^ 

3 

6 

6 

41 

3i| 

31 

61 

6i 

5| 

41 

4 

7 

7 

6f 

5 

5 

7^ 

7i 

'2 

7f 

6i 

Screw  and  Flange  Tees 

<ra->+<-a-> 


"X 


Z^ 


Size 

A 

/? 

C 

D 

^ 

1 

4 

f  and  1 

3 
4 

1 
11 

11 

■■^8 
1  1 
•■■  4 
11 

1  3 

'-  4 

3 
4 

1^ 
lA 
1^ 

H 

115. 
^  32 

2A 

"32 

7 

8 
ll^ 
ll^ 

IM 

2i^ 

1 
2 
1 

I4 

21 

2i 

21 

3} 

3f 

4 

4i 

5i 

4A 
4A 

7-i- 

'  ]6 

7-5- 

'  16 

021 

^32 

3 

3! 

4i 

5 

51 

6f 

7f 

IH 

2A 

1- 

2 

2| 
3A 

2h 

3 

3M 

3? 

4^ 

4 

5 

5 

6i 
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TABLE  31 

General  Dimensions  of  "York"  Screw  and  Flange  Ells  and  Tees 

Screw  and  Flange  Ells 


All  Flange  Dimensions  Standard  Except  as  Noted 
Dimensions  above  Heavy  Line  Are  for  Oval,  below  for  Square 


Size 

A 

B 

c 

D 

I 

4 

3 
4 

u 

1  and  5 

n 

7 
8 

IM 

i 

1 1 

1 

m 

1 

1 1 

u 

^16 

ll 

1  3 
A  4 

If 

021 

^^2 

1 

2 

2 

2i 

1    9 

lie 

H 

1 

2f 

3 

2A 

U 

n 

3f 

3f 

2|i 

^¥ 

u 

4i 

^ 

3 

2^ 

2 

4J 

■H 

3i 

2f 

2i 

6 

6 

4| 

3A 

3 

6 

6 

4| 

3tI 

3^ 

6^ 

6^ 

5f 

42 

4 

7 

7 

61 

5 

5 

7h 

7i 

'  2 

7f 

6i 

Screw  and  Flange  Tees 


<-a-><-a-H 


'^. 


Size 

A 

B 

C 

D 

E 

1 
i  and  ^ 

3 

1 

u 

1 
U 

n 
n 
If 

3 
4 

15 
16 

lA 

IM 

J-16 

■"16 
^32 

7 
8 

•"  16 

1 

2 
1 

u 

21 

2h 

21 

3i 

31 

4 

4f 

5i 

«Jl6 

4A 
4A 
6^ 
6A 
6i^ 
7^ 
7^ 

021 

•^  J2 

3 

31 

41 

5 

5f 

6f 

7f 

1x1 

u 

2i% 

2 

21 

2i 

3^ 

3 

"16 

4^ 

3^ 

4 

5 

5 

61 
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TABLE  32 
Frick  Ammonia  Tees — C.  I.  Screw 


<— -B  — 


A. 

B, 

G, 

A, 

B, 

G, 

Size,  Inches 

Inches 

Inches 

Inches 

Size,  Inches 

Inches 

Inches 

Inches 

Ho   ix  \ 

If 

7 
8 

U 

ito  ixn 

41 

2i 

^8 

fto    IX   f 

2 

u 

IHollXl^ 

5 

2| 

3 

fto    ^X   I 

2 

H 

IHo   iX  I 

5 

2| 

3 

Ho   ix  1 

2 

H 

Ho   \XH 

5 

21 

3 

Ho    iX  i 

2i 

1  1 
••■4 

n 

2    to2   X2 

5f 

21 

3^ 

Ho    5  X  i 

2§ 

1  1 
•••4 

ih 

2    to    iX  f 

5f 

21 

3i 

ito   IX  h 

2h 

11 

ii 

Ho   ix2 

5f 

21 

31 

fto  ix  i 

3 

U 

m 

2Ho2iX2i 

101 

5i 

4i 

fto    IX  i 

3 

1  1 
■•■2 

IH 

2Ho2   X2 

10§ 

H 

41 

Ho   ix  f 

3 

1  1 
^2 

IM 

3    to3   X3 

101 

51 

5i 

1    to  1    XI 

3^ 

1  3 

2i 

O2    ^^  ^2  ^*J2 

m 

5f 

6 

1   to   ix  i 

3^ 

1  3 

2i 

4    to4  X4 

121 

6i 

6f 

i  to   ixl 

31 

1  3 
•■•  4 

2i 

4Ho4|X4^ 

13i 

6f 

71 

iHoUxU 

4i 

2i 

21 

5    to  5   X5 

14§ 

7i 

8 

iHo   ix  i 

4i 

2i 

21 
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TABLE  32— Continued 
Ammonia  Ells — C.  I.  Screw 
<— G  — 


Size, 

B, 

G, 

Size, 

B, 

G, 

Size, 

B, 

G, 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

■L 

7 
8 

n 

1 

If 

21 

2Xk 

■^8 

3^ 

1 

u 

1  xi 

If 

2i 

2'. 

51 

41 

3  V'  1 
8  A  4 

n- 

U 

21 

21 

3 

5i 

5^ 

1 
2 

1  1 

H 

Uxl 

2| 

21 

3i 

5f 

6 

2  A  4 

1  1 
^4 

u 

U 

2^ 

3 

4 

6^ 

61 

3 

4 

11 

iM 

ilxi 

2^ 

3 

^ 

fX:l 

11 

iM 

2 

21 

3h 

5 

7i 

8 

TABLE  33 
Frick  Ammonia  Ells,  Tees  and  Crosses — Oval  Flange 


MALE 


FEMALE 


Size, 

A, 

B, 

0, 

Size, 

A, 

B, 

0, 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

21 

If 

If 

f 

3 

2A 

2A 

f 

2f 

2iV 

11 

1 

3i 

2A 

2k 

1 

2 

2f 

2^ 

li 
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TABLE  34 
Frick  Ammonia  Ells,  Tees  and  Crosses — Square  Flange 


Boss  for  lees  & 
crosses  only 


Boss  for  ells  only 


^w.4_d. 


Size, 

A, 

B, 

c, 

Bolts, 

Size, 

A, 

B, 

c, 

Bolts, 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

U 

3f 

31 

21 

4-tX2| 

3 

6 

6i 

4i 

4-iX4i 

n 

^ 

4 

21 

4-1X3 

3^ 

6§ 

61 

4A 

4-fX4| 

2 

4i 

U 

3^ 

4-fX3i 

4 

7 

7i 

5 

4-1X41 

21 

6 

51 

3M 

4-fX3i 

TABLE  35 
Frick  Ammonia  Ells,  Tees  and  Crosses — Round  Flange 


Boss  for  tees  & 
crosses  only 


MALE 


J! _X 

Boss  for  ells  only 


Size, 
Inches 

A, 
Inches 

B, 

Inches 

Inches 

Bolts, 
Inches 

Size, 
Inches 

A, 

Inches 

B, 
Inches 

Inches 

Bolts, 
Inches 

5 
6 

7 

8^ 

10^ 
131 

9f 

lU 

8-1  X4f 
8-fX5| 
8-iXb 

8 
10 

121 
16 

14^ 
17 

12^ 
15 

8-1X6 
12-1x51 
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TABLE  36 
Arctic  Standard  Square  Flange  Fittings 


All  Dimensions  Given  in  Inches 


Pipe 

Size 

A 

B 

C 

D 

E 

F 

G 

H 

I 

Diameter 
of  Bolt 

Length 
of  Bolt 

Flange  to 
Flange 

i 

W 

2 
2i 
3 
Si 

4 

4i 

5 

3 

3f 

4 

41 

6 

6i 

7 

7i 

7i 

7i 

2J 

3i 

4 

41 

5i 

6 

6i 

7 

7J 

8 

11 

21 

21 

3A 

3i 

41 

4J 

5 

51 

6 

f 

F 

8 

« 

f 

1 
3 

i 

1 

t 

8 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2i 
3 
3i 
31 

41 
5^ 
6 
61 

7i 

u 

2H 

2f 

3i 

3M 

4Ji 

4i 

5i 

6 

6i 

U 

li 

2 

2J 

3 

3f 

tt 

5i 
5| 

i 

8 
1 
1 
f 

i 
1 

2^ 
2i 
2f 
3i 
4i 
4J 
4i 
4i 
4J 
4^ 

2J 
2i 
2i 
3i 
4i 

ti 

41 
4^ 
41 

21 
2i 
2f 

3i 
4i 
4J 

4i 

4^ 
4J 
4^ 

AX2 
iX2J 

1X3 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

W 

2 
2i 
3 
3i 
4 
4J 
5 

21 
6A 

13^ 

IM 
Hi 
2M 

3i! 
4A 
4M 

5ii 

_3_ 

1 

1 

i 

8 
8 

1 

1 

1 

i 

t 

H 

is 

l" 

1 

1 

1 

■ 

1 

u 

U 

2 

2i 

3 

3^ 

4 

4i- 

5 

i 

8 
1% 

F 

8 

AX2 
iX2J 

1X3 

S 

T 

U 

V 

W 

X 

Y 

Z 

li 

U 

2 

2i 

3 

3J 

4 

4J 

5 

If 

2 

2i 

2i 

3i 

4i 

41 

l\ 

61 

H 
If 
2J 
2§ 
3i 
3i 
4i 
4H 

1 

1 
1 

i 

1 

i 

J 

1 

i. 

i. 
1 

i 

.  .  .  .  . 

1 

u 
u 
lA 
lA 

- 

■ 

; 

1 

AX2 
iX2i 

1X3 

Center  to  face  dimension,  "A,"  applies  to  ells,  tees,  crosses,  angle  valves,  and  straight-way  valves. 
Condenser  inlet  header  tee  branches  are  7  in.  center  to  face. 
Condenser  outlet  header  tee  branches  are  6  in.  center  to  face. 
Center  to  face  of  reducing  tees  is  governed  by  dimensions  for  largest  opening. 
Fittings  and  valves  are  male  one  end,  female  other  end.     Branches  on  all  tees  and  crosses  are 
male,  except  on  condenser  outlet  header  tees. 
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TABLE  37 
Arctic  Standard  Round  Flanged  Tongue  and  Groove  Fittings 


All  Dimensions  Except  under  Heading  ' 

Number  of  Bolts" 

Given  in 

Inches 

Size 

Material 
of 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

Num- 
ber of 

Diam- 
eter of 

Length  of  Bolt 

of 

Pipe 

Flange 

Bolts 

Bolt 

Fl.  to  fl. 

Fl.  to  fit.'Fit.  tofit. 

41 

ST. 

7h 

91 

8 

1 

f 

A 

61 

6 

5i 

6i^ 

8 

1 

3J 

3i 

3i 

5 

ST. 

8 

lOi 

85 

I 

if 

^ 

7i 

6^ 

51 

6A 

8 

\ 

3J 

3i 

4 

6 

CI. 

8^ 

111 

91 

1| 

i 

f 

81 

7i 

7 

7il 

8 

\ 

4 

4 

4 

7 

CI. 

9 

12J 

lOJ 

li% 

T^ 

1 

91 

8| 

8 

8H 

8 

i 

4i 

4i 

4i 

8 

CI. 

9^ 

131 

lis 

If 

1 

8 

lOJ 

9J 

9 

9}| 

12 

\ 

4J 

4i 

4i 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

4i 

ST. 

5A 

4| 

72 

16 

S 

I5 

4i 

f 

H 

5i 

8 

1 

3i 

3i 

3f 

5 

ST. 

5H 

oi 

_5_ 

_3_ 

s 

Ij 

5 

H 

61 

5J 

8 

1 

3i 

3i 

4 

6 

CI. 

6H 

6s 

A 

A 

I 

u 

6 

J 

7* 

6ii 

8 

\ 

4 

4 

4 

7 

CI. 

7H 

7i 

^ 

A 

1 

u 

7 

H 

8| 

8 

8 

i 

4i 

4i 

4i 

8 

CI. 

8H 
U 

81 
V 

w 

X 

8 

Y 

2 
Z 

8 
AA 

BB 

91 

8i 

12 

\ 

4J 

4i 

4i 

4J 

ST. 

1 

1 

1 

1 

^ 

U 

6 

5J- 

8 

\ 

3i 

3J 

3f 

5 

ST. 

I 

A 

1 

H 

f 

lA 

6i 

61 

8 

\ 

3i 

3i 

4 

6 

CI. 

i 

A 

i 

1 

f 

u 

71 

7i 

8 

i 

4 

4 

4 

7 

CI. 

i 

A 

i 

lA 

A 

lA 

8! 

81 

8 

\ 

4i 

4i 

41 

8 

CI. 

1 

J    i 

lA 

i 

If 

9i 

91 

12 

\ 

4i 

4i 

4J 
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a. 
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0) 

_(j 

;^ 
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OJ 
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a 

s 
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o 
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1—1 

PQ 

7! 
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< 
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^iot^05t^Ci'-H05'-icoi-icoicicoici^eoiot^ 

fi,                                             ,_!            ,_(,_|  ,_(,_|  ,_!,_(  1—1  ,-(,-1  I-H  l-H 

Length 

of 
Tubes 

4JCOOOOOOO(NO(M-*(NTt<CO-^CDOO-^COGO 

fj^                    _           ^^^^_rt  _(^wH  wH,-4,-.r-H^ 

Number 

of 
Tubes 

(N               O               >0              •*               O              (N 
C^l              CO              CO              ■*              »0              CD 

Thickness 

of  Tube 

Sheet, 

Inches 

n|a>               n|«               nlto               n|oo               nl«>               nl« 

Thick- 
ness of 
Shell, 
Inches 

wW               wl*               ^S               "lis               "1°°               ""° 

05 

si 

5"^ 

:2              C/3             O             C<)              -^              CO 
;5            S            8            C^            <N            <N 
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TABLE  39 
Carbondale  Condensers 


Refrigera- 

tion 
Capacity, 

A 

B 

C 

D 

E 

F 

Tons 

Inches 

Ft. 

In. 

Ft. 

In. 

Inches 

Inches 

Ft.   In. 

24 

26^ 

8 

4| 

11 

5 

37i 

231 

4    4 

32 

26^ 

11 

U 

14 

2} 

37i 

231 

4    4 

38 

261 

13 

U 

16 

2\ 

37^ 

231 

4    4 

55 

30 

15 

Oi 

18 

1 

41 

231 

4    6 

•  62 

30 

17 

0| 

20 

1 

41 

231 

4    6 

67 

36f 

11 

1^ 

14 

4^ 

471 

251 

5    2 

79 

36f 

13 

U 

16 

4^ 

47f 

251 

5    2 

90 

36i 

15 

Oi 

18 

3 

471 

25i 

5    2 

106 

46i 

11 

1^ 

14 

2\ 

57f 

231 

5    6 

125 

46i 

13 

n 

16 

4i 

57f 

251 

5   6 

G 

H 

J 

Gas 

Liquor 

Pump  Out 

Inches 

Ft. 

In. 

Ft. 

In. 

Inches 

Inches 

Inches 

24 

12 

8 

91 

3 

8 

n 

32 

12 

11 

61 

3 

8 

2 

11 

38 

12 

13 

61 

3 

8 

2 

11 

55 

12 

15 

5t 

4 

0 

2i 

11 

62 

12 

17 

5f 

4 

0 

2i 

j  1 

67 

12 

11 

81 

4 

6 

2h 

1- 

79 

12 

13 

81 

4 

6 

2| 

90 

12 

15 

7f 

4 

6 

3 

2 

106 

12 

11 

61 

5 

6 

3 

2 

125 

12 

13 

81 

5 

6 

3 

2 

1 1 
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CHAPTER  V 
THE  AUTOMATIC  REFRIGERATING  MACHINE 

The  larger  refrigerating  machine  would  necessarily  require  an 
operator  for  part  or  full  time  in  order  to  maintain  proper  operating 
conditions  and  to  make  such  adjustments  as  the  machinery  requires,  but 
the  smaller  machines  have  to  be  designed  in  such  a  way  that  they  will 
be  automatic.  This  means  that  they  must  be  capable  of  starting  and 
stopping  under  the  conditions  of  temperature  in  the  refrigerated  tank  or 
room  and  that  there  be  a  regulator  for  the  water  (if  water  cooling  is 
used)  and  for  the  suction  pressure,  in  addition  to  various  other  safe- 
guards. Under  these  conditions  the  only  need  for  an  operating  engineer 
is  to  prevent  clogging  of  valves,  to  maintain  satisfactory  lubrication  and 
to  watch  against  leaks  or  such  troubles  as  might  interfere  with  the 
proper  functioning  of  the  refrigerant.  Development  of  such  automatic 
machines  results  in  an  immediate  expansion  in  distribution,  not  only  to 
the  small  retail  trader  of  meats  and  provisions,  the  florist  and  caterer, 
but  to  the  soda  fountain  and  small  ice  cream  retailer  and  to  household 
trade.  Automatic  refrigeration  has  made  the  2,  1  and  the  fractional 
tonnage  compressor  practical. 

The  Direct  Expansion  System. — The  very  small  compressor  is 
designed  so  that  it  may  be  operated  with  the  least  possible  attention. 
Such  a  compressor  is  always  electric  motor  driven,  the  motor  being 
either  the  induction  or  the  repulsion-induction  type  as  a  rule.  Auto- 
matic operation  means  that  the  compressor  will  not  operate  continuously, 
but  intermittently  with  the  demands  of  the  load.  There  would  be 
required  in  the  automatic  plant  then: 

a.  A  temperature  control,  set  for  the  average  temperature  of  the 
brine  to  be  cooled,  or  of  the  air  in  the  cold  storage  rooms.  This  is  usually 
secured  by  means  of  a  thermostat  connected  electrically  with  the  necessary 
relays  or  devices  to  start  or  to  stop  the  motor. 

6.  A  suction  pressure  regulator,  designed  so  as  to  maintain  a  constant 
suction  pressure  and  therefore  a  constant  boiling  temperature  of  the 
refrigerant  in  the  evaporating  coils.  In  design  this  regulator  is  prac- 
tically a  pressure  reducing  valve. 
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c.  A  water  control  valve,  so  as  to  regulate  the  condensing  water  to 
periods  of  operation  only,  unless  the  condenser  is  air  cooled. 

In  addition  to  the  required  valves  already  mentioned  for  the  complete 
automatic  machine  there  must  be  certain  special  features  in  order  to 
safeguard  against  trouble.  These  include  the  excess  pressure  relief 
valve,  and  frequently  a  hquid  valve  to  prevent  the  flooding  of  the 
evaporator  coils  during  the  period  of  shut  down  of  the  compressor. 
The  compressor  needs  to  be  automatically  lubricated,  with  special  pro- 
vision against  the  matter  of  oil  pumping,  and  the  shaft  packing  (such  a 
machine  is  always  of  the  vertical  enclosed  type  if  it 
is  of    the    usual    reciprocating  type  of  design)   must  P 

be  tight  against  leakage  of  the  refrigerant  and  yet 
not  subject  to  much  friction.  The  compressor  should 
be  provided  with  an  equalizer  connection  so  that  on 
starting  the  compressor  the  pressure  on  the  two  sides 
of  the  cylinder  will  be  the  same,  thus  permitting  the 
motor  to  get  up  to  speed  before  full  resistance  to 
operation  will  take  effect  and  thereby  assisting  in 
the  decrease  of  electric  motor  troubles. 

The  Thermostat. — The  thermostat  may  be  of  the 
dissimilar  metal  type  (Figs.  102  and  103)  which  de- 
pends on  the  variable  expansion  and  contraction  of 
the  two  metals  used  with  the  temperature  change  of 
the  fluid  to  which  it  is  exposed  or  it  may  be  designed 
to  utilize  the  effect  of  a  volatile  liquid  exposed  to  a 
variable  temperature.  In  the  first  example,  the  change 
of  temperature  causes  a  motion  of  the  contact  point 
which  either  makes  contact  with  the  start  or  the  stop 
coils  of  the  solenoid  control.  ^  This  thermostat  is 
placed  directly  in  the  fluid  to  be  regulated  in  tempera- 
ture.   There  are  three  different  designs : 

a.  Two  flat  strips  intimately  joined  together  are  coiled  into  a  helix, 
one  end  of  which  is  attached  to  a  central  rod  and  is  free  to  turn  (Fig. 
102).  The  twisting  moment  of  the  rod  is  caused  by  the  expansion  and 
contraction  of  the  coil  with  rise  and  fall  of  the  temperature. 

b.  A  bi-metallic  thermo  element  in  the  form  of  a  spiral  (Fig.  103) 
forces  a  blade  supported  on  knife  edges  so  as  to  make  contact  at  either 
the  right  or  the  left  of  the  vertical,  thereby  energizing  the  necessary 
coils  causing  the  motor  to  start  or  to  stop. 

1  If  the  motor  is  properly  designed  with  the  necessary  starting  torque  and  the 
compressor  is  provided  with  a  pressure  equalizer,  the  compressor  will  be  controlled 
satisfactorily. 


Fig.  102.— Engle- 
hart  Thermostat. 
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c.  The  sylphon  type  of  thermostat  contains  a  liquid  of  the  proper 
boiHng  temperature  so  as  to  secure  the  required  differential  pressure 
with  a  small  change  of  temperature.  The  bulb  (Figs.  104  and  105)  may 
be  placed  in  the  cold  room  or  the  brine  and  a  flexible  tube  connection 
may  be  made  with  the  bellows.  The  mercoid  control  shown  in  the 
illustrations  can  be  adjusted  to  make  and  break  contact  with  a  differ- 
ential temperature  of  from  3  to  4  deg.  F.  The  action  of  the  sylphon  is 
to  tilt  the  mercury  tube.    The  tube  contains  mercury  and  an  inert  gas 


Fig.  103. — Monogram  Full-line  Voltage  Thermostat. 


to  stifle  the  electric  arc  on  breaking.  The  normal  current  is  10  amperes 
at  110  volts  and  5  amperes  at  220  volts  on  either  alternating  or  direct 
current.  This  fonn  of  thermostat  is  very  successful,  as  the  bellows  and 
the  mercury  tube  have  been  tested  to  over  one-half  a  million  operations 
without  signs  of  failure. 

The  Automatic  Expansion  Valve. — As  previously  mentioned,  the 
automatic  expansion  valve  is  simply  a  pressure  reducing  valve.  In  the 
usual  design  it  is  of  the  diaphragm  type  (Figs.  105  to  110),  whereby  the 
movement  of  the  chaphragm  opens  and  closes  the  passage  in  the  valve 
and  permits  a  flow  of  the  liquid  refrigerant  from  the  high-pressure  side 
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to  the  evaporating  coils.     One  side  of  the  diaphragm  is  subject  to  the 
reduced  pressure  of  the  refrigerant,  while  the  other  side  has  the  pressure 


_rl— />^    iri   Pipe  thread 
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Fig.  104.— Mercoid  Type  Thermostat. 


X©7" 

Fig.  105. — Absolute  Contactor  Thermostat. 


exerted  by  a  helical  coil  spring.  This  spring  has  a  means  of  adjustment 
of  the  tension  making  it  possible  to  obtain  a  control  of  the  reduced  (the 
suction)  pressure  over  the  usual  operating  range. 
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Such  a  valve  as  has  just  been  described  of  necessity  resembles  the 
standard  manual  control  expansion  valve.  In  each  there  must  be  the 
same  general  design  of  piston  seat  and  seat  disc  with  provision  for 
minimimi  wear  and  with  a  conical  seat  so  that  close  adjustment  of  the 
flow  of  the  refrigerant  may  be  secured.  In  one  design  the  piston  seat 
and  the  seat  disc  are  made  of  30  per  cent  nickel  steel,  the  diaphragm  is 

made  of  monel  metal  and 
the  body  of  the  valve  of 
close-grained  cast  iron.  The 
Cash  valve  (Fig.  109)  and 
the  Peerless  valve  (Fig.  110) 
are  examples  of  the  construc- 
tion just  described.  It  is 
very  essential  that  a  scale 
trap  be  made  an  integral 
part  of  the  valve  or  that  one 
be  placed  adjacent  to  the 
valve  and  on  the  condenser 
side  of  it  in  order  to  prevent 
mill  scale,  sand,  etc.,  from 
lodging  on  the  valve  seat. 
The  Brunswick  -  Kroeschell 
valve  (Fig.  Ill)  obtains  a 
sliding  action  which  tends  to 
free  itself  of  any  scale,  and 
it  is  besides  designed  for 
complete  closing  as  soon  as 
the  suction  pressure  increases 
above  the  amount  at  which 
the  valve  is  set,  thereby  tend- 
ing to  prevent  the  flooding 
of  the  evaporating  coils 
with  liquid  refrigerant  dur- 
ing periods  of  shutdown  of 
the  compressor. 

The  general  criticism  of  automatic  expansion  valves  is  that  they  are 
likely  to  stick  on  account  of  the  formation  of  a  cold  gummy  material  or 
ice  on  the  the  valve  seats  which  prevents  them  from  functioning  prop- 
erly. The  Climax  valve  (Fig.  112)  is  entirely  different  in  design  from 
those  already  described.  The  diaphragm  is  replaced  by  a  sylphon  sub- 
ject to  the  evaporator  temperature.  Change  of  temperature  causes  a 
breathing  of  the  sylphon  which  causes  a  lever  (the  free  end  of  which  is 


Fig.  106. — The  Foster  Expansion  Valve. 


WATER  CONTROL 
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continually  oscillating)  to  move  axially.  For  certain  positions  of  the 
lever  engagement  is  made  with  a  pin  which  causes  the  valve  to  open 
and  close  with  great  rapidity  while  at  other  positions  of  the  cam  the 
valve  will  remain  closed  entirely.  It  is  evident  that  the  suction  pressure 
controls  the  amount  of  opening  of  the  valve,  and  that  no  sticking  of 
the  valve  can  be  possible.  There  is  the  objection,  however,  that  the 
expansion  valve  nmst  be  attached  to  the  compressor. 

Water  Control. — The  automatic  compressor  requires  a  control  on 
the  water,  both  as  regards  the  amount  of  the  water  used  and  the  ad  just- 


Adjusting 
screw 


Lock  nut 


Fig.  107. — AIco  Expansion  Valve. 


ment  of  the  water  to  the  actual  periods  of  operation.  There  are  a 
number  of  different  designs.  Some  machines  have  used  direct  con- 
nection to  the  shaft  of  the  compressor  so  that  when  the  compressor  is 
in  operation  the  condensing  water  will  flow,  but  this  form  of  water 
valve  gives  no  control  of  the  amount  of  water  being  used.  Another 
type  (Fig.  1 14)  makes  use  of  a  sylphon  with  the  valve  placed  at  the 
exit  from  the  condenser,  so  arranged  as  to  have  a  shght  flow  even  at 
periods  of  shutdown.  The  temperature  of  the  water  passing  the 
sylphon  affects  the  amount  of  the  opening  through  which  the  water 
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Fig.     108. — American     Radiator 
pansion  Valve. 


E.x- 


may  pass  and  thereby  permits  a 
greater  or  lesser  amount  of  water  to 
pass,  depending  on  the  initial  tem- 
perature of  the  water  and  the  load 
on  the  condenser. 

The  more  common  type  of  water 
regulator  valve  is  shown  in  Fig.  115 
(the  Cash  valve)  and  in  Fig.  116 
(the  Monogram  valve).  In  each  of 
these  the  pressure  of  the  refrigerant 
is  exerted  on  a  diaphragm  loaded  on 
the  upper  part  by  means  of  a  heli- 
cal spring  which  is  set  for  some 
particular  unit  pressure,  for  example, 
150  lb.  per  square  inch.  When  the 
compressor  starts  up  the  condenser 
pressure  increases  until  it  gets  to 
an  amount  corresponding  to  that  at 
which  the  valve  was  set,  whereupon 

the  valve  will  open  and  water  will  begin  to  flow.    The  amount  of  water 

passing    through    the    valve, 

and   through    the    condenser, 

will  increase  with  an  increase 

of  pressure  until   the  capacity 

of  the  valve  is  reached.    Some 

adjustment  for  the  individual 

installation  can    be    obtained 

by  varying  the  relative  posi- 
tion of  the  spring  yoke  through 

the   use  of   the   nuts  on  the 

standard   or   by   varying   the 

length  of  the  valve  stem. 
An  excess  pressure,  caused 

by  a  failure  of  the  condenser 

water    supply,    can    be    safe- 
guarded   against    by    a    pop- 

rehef  valve,  but  such  a  method 

is    not    usual    in    automatic 

refrigerating   machines,    even 

to  discharge  the  gas  into  the 

low-pressure  side  of  the  sys- 
tem.     A    better    method    of  Fiq.  109.— Cash  Expansion  Valve. 
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Hydraulic  bellows 
and  tube 


Fig.  110. — Peerless  Economizer  Valve. 
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Outlet 


Fig.     111. 


control  for  small  machines 
is  to  stop  the  compressor 
until  such  time  as  the  pres- 
sure decreases  to  the  allow- 
able working  amount.  In 
larger  machines  we  may 
have  a  condenser  pressure 
circuit  breaker,  which  has 
to  be  controlled  manually. 

Figure  117  shows  one 
type  of  water  pressure  failure 
switch.  The  water  pressure 
is  exerted  on  one  side  of 
the  rubber  diaphragm,  the 
other  side  of  which  has  the 
pressure  of  a  light  coil 
spring.  The  valve  stem 
motion  is  communicated  by 
means  of  a  toggle  joint  to 
the  electric  connection,  which 
can    be    of    the    knife-edge 


Brunswick-Kroeschell    Expansion    switch  design. 
Valve. 


Consideration  up  to  the 
present  has  been  given  only 
to  those  plants  where  there 
is  but  one  set  of  evaporat- 
ing coils.  The  problem  is 
much  complicated  by  hav- 
ing two  or  more  such  coils, 
the  loads  of  which  are 
variable  and  entirely  in- 
dependent of  one  another. 
For  such  an  automatic 
plant,  it  is  evident  that  the 
compressor  cannot  be  shut 
down  until  the  conditions 
in  all  the  evaporating  coils 
are  satisfied.  The  thermo- 
static control  to  each  room, 
can  not  be  attached  to  the 
compressor  but  only  to  the 


Fig.  112. — The  Clima.x  Expansion  Valve. 
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Fig.  113. — Cash  Expansion  Valve 
Strainer. 


)   ^^Adjustment 
screw 


Water  pressure 
balancing  chamber 


Water  inlet 


Water  outlet 


Fig.  114. — Water  Regulator. 


Fig.  115. — Cash  Water  Regulator. 
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controls  to  the  individual  piping.  The  compressor  operation  now  will 
need  to  be  obtained,  not  from  the  temperature  of  the  rooms,  but  from 
the  drop  of  the  suction  pressure  in  consequence  of  stopping  the  hquid 
feed  to  all  the  evaporator  coils. 

Figure  118  shows  a  Monogram  type  of  magnetic  stop  valve  for  the 
regulation  of  the  flow  of  liquid  to  a  set  of  evaporator  coils  (in  conjunc- 
tion with  an  automatic  expansion  valve).  The  thermostat  energizes 
the  relay  and  through  the  relay  the  magnet  operates  the  toggle  joint. 


Fig.  116. — Monogram   Water  Regu- 
lator. 


Fig. 


117. — Water    Pressure    Failure 

Switch. 


As  soon  as  the  hquid  flow  is  stopped  by  the  closing  of  the  liquid  valve 
the  absorption  of  heat  by  that  particular  evaporator  coil  will  stop  as 
quickly  as  the  liquid  refrigerant  in  the  coal  is  vaporized. 

Figure  119  shows  a  form  of  an  ammonia  pressure-actuated  switch  to 
be  used  on  the  suction  side  in  order  to  control  the  operation  of  the 
compressor  where  several  evaporating  coils  are  used.  This  valve  can 
be  set  to  operate  at  some  pressure  lower  than  that  required  during  the 
operation — for  example  at  5-lb.  gage.  Such  a  pressure  could  not  be 
obtained  with  any  of  the  evaporator  coils  in  operation  if  the  expansion 
valves  are  set  at  15  or  20  lb.  gage.  This  suction  pressure  could  only 
be  obtained  when  all  the  coils  are  shut  off  from  the  li(}uid  refrigerant. 
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at  which  time  the  compressor  will  function  only  to  pump  down  the  low 
pressure  system.     Figure  120  shows  a  multiple  thermostatic  control  for 
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two  or  more  evaporating  coils  using  the  controls  already  described  and 
illustrated. 

Somewhat  different  from  what  has  just  been  described  is  the  Hilger 
No-freeze  (Fig.  123)  back  valve.  In  essentials  the  hquid,  after  leaving 
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the  automatic  expansion  valve,  passes  through  the  upper  part  of  the 
no-freeze  back  valve.  The  suction  gas  on  its  return  has  to  pass  through 
the  lower  part  of  the  valve  which  is  subject  to  the  suction  gas  temper- 
ature in  such  a  way^  as  to  operate  a  valve  in  the  hquid  hne,  even  to  the 
point  of  complete  closure. 

Dual  Thermostats.— In  laying  the  piping  for  automatic  plants  some 
very  interesting  arrangements  are  made  at  times.  An  example  of  such 
a  design  might  be  the  arrangement  prepared  for  the  florist  who  has  a 


Under  voltage 
/  release  coil 
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*"  supply 


Fig.  119. — Ammonia  Pressure-actuated  Switch  for  Ma.ximum  Pressure. 


show  case  and  a  cold  storage  room,  with  the  piping  connected  in  series, 
with  a  thermostat  in  each.  The  liquid  enters  the  coils  in  the  show  case, 
and  on  leaving  these  coils  passes  to  the  piping  in  the  cold  storage  room. 
The  show  case  has  a  thermostat  set  at  45  deg.  F.,  and  the  cold  storage 
room  has  one  set  at  35  or  36  deg.  F.  The  second  thermostat  acts  only 
to  protect  the  flowers  in  the  cold  storage  room  from  freezing  should  an 
extreme  condition  develop  where  the  cold  storage  room  is  cooled  to  a 
dangerous  temperature  before  the  first  thermostat  has  a  chance  to  act. 

*  The  decreased  temperature  of  the  ammonia  gas  contained  in  the  center  of  the 
valve  exerts  a  decreased  pressure  on  the  diaphragm  and  the  diaphragm  is  pressed 
downward  by  the  fluid  pressure  on  the  upper  part. 
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Brine  Circulation. — Where 
brine  is  circulated  the  auto- 
matic features  are  relatively 
simple.  Such  a  plant  would 
have  brine  storage,  and  in 
the  simple  arrangement  the 
thermostat  would  start  or 
stop  the  compressor  for  a 
certain  brine  temperature 
range.  Such  a  control  is 
obtained  easily  through  the 
mercoid  or  other  form  of 
thermostat  switch.  Where 
the  brine  system  consists  of 
a  plurahty  of  coils,  each  of 
which  requires  a  control, 
there  will  need  to  be  a 
thermostatically  controlled 
valve  on  each  coil  equipped 
with  solenoids  in  order  to 
give  the  proper  opening  and 
closing  required  (Fig.  124). 

The  Small  Refrigerating 
Machine. — The  small  refrig- 
erating machine  is  essentially 
automatic.  It  is  inconceiv- 
able that  the  fractional  ton- 
nage machine,  used  now  so 
extensively  for  ice  cream 
cabinets,  small  boxes,  and 
for  the  household  refrigera- 
tors, could  be  operated  in 
any  other  manner.  To  a 
lesser  extent,  perhaps,  the 
same  thing  is  true  of  the  1, 
2,  4,  5,  and  even  the  10-ton 
machine  as  the  demand  is 
increasing  for  a  machine  in 
these  sizes  which  does  not 
require  constant  attention 
from  an  expert  operator.  It 
is  appropriate,  therefore,  to 
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take  up  these  small  machines  an  an  example  of  the  automatic  features 
just  described.     In  all  probability  no  other  type  of  mechanical  refrig- 


FiG.  121a. 


Fig.  1216. 
Fig.  121. — Ammonia  Pressure  Regulator. 


eration  is  attracting  the  interest  that  the  small  machine  does,  and  its 
popularity  derives  from  the  following  reasons: 
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Fig.  122. — Pressure-actuated  Switch. 


Fig.  134. — Thermostatic  Control  of  Brine. 


Suction 


Fig.  123.— Hilger  Non-Freeze  Back  Fig.  125.— Pressure  Control  on  Household 

Valve.  Compressor. 
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Ice  for  small  cold  storage  boxes  or  refrigerators  is  frequently  found 
to  be  dirty  and  unreliable.  At  times  the  ice  delivery  service  has  not 
been  of  the  best,  and  some  localities  have  not  been  able  to  secure  ice  at 
all.  Besides  this,  the  temperature  in  the  boxes — for  storage  without 
the  use  of  salt  on  the  ice — has  been  found  to  be  unsatisfactory  in  many 
cases.  The  refrigerators  may  be  designed  poorly  or  be  in  poor  condition, 
with  the  result^  that  temperatures  are  not  lower  than  45  to  55  deg.  F. 


Fig.  126. — One-half  to  One-quarter-ton  Compressor. 


In  general,  it  can  be  said  that  temperatures  in  such  a  box  cannot  be 
obtained  lower  than  35  and  are  more  often  greater  than  40  deg.  F 

The  mechanically  cooled  refrigerator  gives  practically  any  temper- 
ature desired,  controlled  thermostatically  within  a  slight  range.  At 
times  it  gives  a  drier  box,  although  good  circulation  will  do  the  same 

'  The  Transactions  N.  E.  L.  A.,  1923,  give  results  of  tests  by  Prof.  A.  M.  Greene 
Jr.,  in  which  it  was  found  that  only  4  per  cent  of  250  ice-cooled  refrigerators  which 
were  tested  operated  with  a  temperature  less  than  45  deg.  F. 
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for  the  ice-cooled  refrigerator.  The  variations  in  the  temperature  at 
different  times  of  the  day  are  very  sHght  as  compared  with  ice  coohng, 
for  the  latter  requires  a  full  supply  of  ice  in  the  ice  compartment  at  all 
times  in  order  to  get  good  results. 

As  regards  costs  of  operation,  the  real  household  refrigerating 
machine  cannot  compete  with  ice,  if  ice  costs  are  those  usually  found 
in  the  larger  cities.  The  operation  cost,  which  must  include  the  cost  of 
power,  water  (if  used),  interest  and  depreciation  on  the  mechanical 
equipment,  repairs,  etc.,  is  usually  an  appreciable  amount,  and  fre- 
quently will  be  found  to  be  about  twice  the  cost  of  the  operation  of  the 


Fig.   127. — Kelvinator  Compressor. 


ice-cooled  refrigerator,  especially  in  those  localities  where  ice  does  not 
have  to  be  used  for  the  entire  12  months.  There  are  a  number  of  auto- 
matic features  in  the  household  refrigerating  machine;  the  thermostat, 
the  excess  pressure  cut-out,  and  the  suction  pressure  control.  If  the 
condenser  is  water  cooled,  the  machine  should  have  some  means  of 
regulation  of  this  water.  The  companies  selling  service  during  the 
first  year  of  operation  consider  that  they  are  lucky  if  an  average  of 
only  2.5  calls  per  year  per  machine  are  required.  This  service  is 
required  to  adjust  the  automatic  features  as  well  as  to  attend  to  the 
more  serious  troubles  due  to  the  loss  of  the  refrigerant,  loss  of  oil,  or  to 
failure  of  the  expansion  valve  to  operate  satisfactorily.  Most  concerns 
selling  these  small  machines  provide  free  service  for  the  first  year  of 
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operation,  and  after  the  first  year  render  service  at  about  $1  per 
month.  Without  question  these  small  compressors  are  beconiing  more 
perfect  every  year,  and  their  popularity  is  increasing  rapidly  in  spite  of 
the  undoubted  extra  cost.  This  statement  does  not  apply  to  the  ^ton 
machines  which  are  used  to  a  large  extent  for  ice  cream  cabinets  where 
temperatures  of  10  deg.  F.  or  lower  are  required. 


Fig.  128. — Universal  Compressor. 


The  Refrigerant  and  the  Operating  Conditions. — The  usual  refrig- 
erants are  ammonia,  sulphur  dioxide,  ethyl  and  methyl  chloride,  butane, 
isolutane,  propane,  etc.  Carbon  dioxide  is  not  used  as  a  refrigerant  for 
household  compressors  because  of  its  excessive  pressure.  By  means  of 
the  automatic  suction  pressure  control  and  the  use  of  a  suitable  thermo- 
stat, the  temperature  carried  in  the  box  can  be  set  at  will,  and  is  usually 
set  at  35  to  40  deg.  F.,  with  a  variation  of  about  2  degrees  on  either 
side  of  the  desired  temperature.    With  the  exception  of  the  absorption 
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machine,  the  household  refrigerating  machine  is  always  electrically 
driven,  using  a  i-hp.  motor,  and  the  power  consumption  is  about 
1.5  kw.-hr.  per  24  hours.  The  actual  running  time  is  from  5  to  9 
hours,  and  the  compressor  starts  and  stops  approximately  6  to  10 
times  per  24  hours.    At  present  there  are  some  air  cooled,  up  to  about 
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Fig.  129. — The  General  Electric  Compressor. 


4-ton  capacity,  and  some  water-cooled  condensers.  The  air-cooled  con- 
denser has  a  higher  temperature  of  liquefaction  of  the  refrigerant  with 
a  temperature  of  liquefaction  of  the  working  medium  some  10  to  20  deg. 
higher  than  the  room  air  temperature,  and  therefore  more  power  is 
required  of  the  compressor  than  with  a  similar  case  using  tap  water 
over  the  condenser.  In  addition,  the  air-cooled  condenser  requires  a 
fan  to  drive  the  air  through  the  condenser,  and  this  is  an  added  load  to 
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the  motor,  but  usually  not  exceeding  0.02  hp.  on  the  ^ton  size.    In  the 
water-cooled  condenser  the  water  consumed  varies  from  10  to  15  cu.  ft. 
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Fig.  130. — The  Frigidaire  Compressor. 
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Float  Valve 
Fig.  131. — The  Float  Valve  for  Household  Compressors. 

per  day.  However,  the  air-cooled  condenser  has  a  great  advantage  in 
being  simpler  in  design,  is  not  dependent  on  the  continuity  of  the  water 
supply,  and  appears  to  be  more  and  more  popular. 
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The  expansion  valve  may  be  of  two  principal  designs — the  diaphragm 
type  (Fig.  125)  and  the  float  type  (Fig.  131).  In  the  household  machine 
the  low-pressure  side  is  relatively  small  and  the  charge  of  the  refrigerant 
is  relatively  quite  nominal.  This  is  the  reason  why  the  float  type  of 
valve  can  be  used  and  in  the  sulphur  dioxide  compressor  this  kind  of 
expansion  valve  works  out  best  as  regards  the  lubrication  of  the  com- 
pressor. The  diaphragm  type  of  compressor  can  be  set  for  any  pressure, 
and  this  is  usually  at  such  an  amount  as  will  give  a  brine  temperature 
of  from  10  to  20  deg.  F.    The  main  objection  to  the  diaphragm  type  of 
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Fig.  132. — Typical  Piping  Arrangements — Household  Compressors, 

valve  is  that  when  the  compressor  is  stopped  the  valve  frequently  will 
permit  the  flooding  of  the  evaporating  coils,  creating  a  condition  that 
will  require  some  time  to  pump  down  after  the  compressor  is  started 
again,  thus  resembling  the  action  of  the  float  type  of  valve. 

The  thermostat  is  usually  designed  with  the  sylphon  containing  a 
volatile  liquid-like  sulphur  dioxide.  As  the  temperature  rises  this  liquid 
exerts  a  higher  pressure  and  the  the  design  is  such  that  the  increment 
increase  of  the  pressure  will  operate  the  sylphon  which  operates  the 
control  switch.  In  this  manner  the  motor  may  be  started  or  stopped. 
If  the  condenser  is  water  cooled,  this  water  may  be  controlled  in  a 
number  of  ways.    A  sylphon  may  be  attached  to  the  water  outlet,  in 
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such  a  manner  that  the  temperature  of  the  exit  water  will  vary  the 
amount  of  the  water  flowing  to  suit  the  conditions  of  the  plant,  or  the 
water  control  may  be  attached  directly  to  the  compressor.  Still  another 
method  is  to  use  a  diaphragm  type  of  valve,  operated  by  the  conc'enser 
pressure.  Figures  126  to  130  show  typical  designs  of  household  com- 
pressors, several  of  which  are  no  longer  being  built.  Figure  132  gives 
three  types  of  arrangements  in  common  use. 

The  household  compressor  or  absorption  machine  has  to  be  designed 
so  as  to  be  very  self-contained.  In  the  compressor  the  design  must  be 
such  that  the  oil  will  not  be  lost  from  the  system  as  this  would  produce 
a  loss  of  lubrication;  nor  must  there  be  any  loss  of  the  refrigerant  to  the 
atmosphere,  resulting  in  a  failure  of  the  machine  to  function,  and,  in 
the  case  of  the  sulphur  dioxide  machine,  in  the  corrosion  of  that  metal 
near  where  the  leak  takes  place.  The  automatic  controls  need  to  be  so 
well  designed  that  they  will  function  for  a  period  of  time  without  adjust- 
ment or  repair.  Where  gas  only  is  available  the  absorption  machine  may 
work  in  well.  This  is  of  the  intermittent  type,  wherein  the  heating  of 
the  generator  by  the  gas  flame  (or  electric  resistance)  boils  out  the 
ammonia  gas  which  is  condensed  and  stored  in  the  liquid  receiver. 
After  the  proper  time-interval  the  flame  is  shut  off  and  water  is  passed 
through  the  generator,  which  is  now  functioning  as  an  absorl^er,  and  the 
liquid  after  boiling  in  the  expansion  coils  returns  to  the  generator  again 
in  order  to  re-enter  solution. 


CHAPTER  VI 
HEAT  TRANSFER 

Refrigeration,  like  other  branches  of  heat  engineering,  is  vitally 
interested  in  heat  transfer,  both  from  the  viewpoint  of  heat  leakage 
through  the  building  material  and  from  the  consideration  of  the  flow 
of  heat  through  the  various  parts  of  the  refrigerating  cycle.  At  times 
the  refrigerating  load  is  entirely  one  of  heat  leakage,  and  so  the  insula- 
tion against  this  leakage  is  one  of  the  primary  subjects  for  careful 
thought.  In  the  refrigerating  cycle  heat  transfer  is  all  important  in 
the  condenser,  brine  cooler,  or  other  evaporating  surfaces  of  the  low- 
pressure  side,  and  in  the  generator,  rectifier,  exchanger,  absorber,  etc., 
of  the  absorption  machine.  The  problem  in  many  cases  is  also  com- 
plicated by  the  variation  in  the  velocity  of  the  fluid  in  contact  with  the 
surface  and  by  the  insulating  effect  of  the  air,  oil,  etc.,  to  be  found 
inside  the  pipes  in  nearly  every  case.  Some  of  these  factors  will  be  taken 
up  briefly. 

Theory  of  Heat  Transmission. — In  general,  heat  transfer  may  take 
place  in  three  different  ways:  by  radiation,  by  conduction,  and  by 
convection.  In  refrigeration,  however,  the  temperature  range  is  small, 
and  it  is  seldom  that  the  elTect  of  radiation  is  appreciable. 

Radiation. — Every  surface  has  a  definite  emitting  power  and  a 
definite  absorbing  power  for  radiant  heat.  This  radiant  heat  is  trans- 
mitted from  one  body  to  another  by  means  of  ether  waves,  so  that  the 
presence  of  air  (or  the  lack  of  it)  does  not  affect  radiation  materially. 
The  amount  of  heat  transmitted  varies  as  the  fourth  power  of  the 
absolute  temperature  for  black  bodies.  This  relation  has  been  shown 
by  Stefan  and  Boltzmann,  expressed  in  English  units,  by 

Qradlatlon  =  RA{T'^2  —   T'^l) 

where 

T2  and  Ti  are  the  surface  temperatures  in  degrees  absolute  of 

the  bodies  in  question, 
A  is  the  area  in  square  feet, 
i2  is  a  constant. 
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In  refrigeration,  as  radiation  by  itself  plays  such  a  small  part,  it  can  be 
neglected  in  most  cases.  Sometimes,  however,  in  reading  temperatures, 
the  thermometer  may  give  incorrect  readings  when  exposed  to  direct 
radiation  from  hotter  or  colder  bodies  because  of  this  factor. 

Convection. — Convection  losses  have  to  do  with  a  fluid  in  motion 
past  the  surface  in  question.  It  is  worthy  of  remembrance,  however, 
that  a  layer  of  the  fluid  in  contact  with  a  solid  is  always  at  rest  because 
of  adhesion,  and  a  finite  thickness  of  the  fluid  adjacent  to  the  soUd — due 
to  friction  and  the  viscosity  of  the  fluid — is  always  either  at  rest  or  is 
moving  too  slowly  to  have  any  appreciable  effect  on  the  resistance  to  the 
passage  of  heat.  If  the  fluid  happens  to  be  oil,  it  appears  that  the 
surface  film,  which  is  at  rest,  has  the  same  resistance  to  the  flow  of 
heat  as  cork-board  of  the  same  thickness.  The  thickness  of  this  film  is 
dependent  on  the  viscosity  and  the  density  of  the  fluid  and  the  velocity 
of  the  current  next  to  the  stagnant  layer.  It  varies,  with  air,  from 
nearly  0  to  ^  in.  Obviously,  the  value  of  this  skin  resistance  is  not  of 
appreciable  importance  in  surfaces  using  cork  or  other  heat  insulation, 
but  for  glass  it  is  a  very  important  factor,  although  even  glass  is  not 
used  in  mechanical  refrigeration  except  in  multiple  thicknesses  and  in 
very  special  cases. 

Peclet's  laws  for  convection,  expressed  in  EngUsh  units,  are  given  by 

Qconvectlon    =   NV    ^A(t2   —   ti) 

where 

N      is  a  coefficient  of  convection  and  a  variable, 
F~"  is  some  power  of  the  velocity  in  feet  per  second  across  the 
section, 
(to  —  ^i)  is  the  difference  in  temperature  between  the  surface  and  the 
surrounding  air. 

Conduction. — Conduction  is  the  means  whereby  heat  is  conveyed 
through  molecular  vibration,  under  which  conception  there  is  estab- 
lished a  temperature  gradient  in  the  material.  It  is  well  established 
experimentally  that  if  the  material  is  homogeneous,  and  nominal  tem- 
peratures are  being  employed  that  the  heat  flow  becomes: 

(jjconductlon  In  B.t.u.  per  hour   ^^   AfC\t2  tlj 

Where 

A  is  the  area  in  square  feet, 

k  is  the  coefficient  of  heat  transfer  in  B.t.u.  per  square  foot  per 
degree  difference  per  hour,  and 
(<2  —  ^i)  is  the  temperature  difference  on  the  two  sides  of  the  heat 
transfer  surface  in  deg.  F. 
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The  effect  of  radiation  and  convection  can  be  approximated  by  the 
method  used  by  Willard  and  Lichty^  by  means  of  the  following: 

If  the  temperature  differences  are  small,  as  they  are  in  refrigerating 
practice,  the  value  of  the  radiation  and  convection  losses  per  square  foot 
of  surface  per  hour  becomes: 

Qradlatmn   +  Qeonvectlon    =    R[it  +  460)    -    (ti    +  460)]   +  NV-\t   -   U) 

and  for  walls  small  in  height,  and  in  still  air  this  becomes 

Irradiation  "T  ^jconvectlon   ^^    '^l\J'  'lj> 

but  where  an  outside  surface  is  exposed  to  nominal  air  velocity  this 
becomes : 

^radiation     I     ^convection    ^^    ri,2\f'2  toj 

and 

C 

vt/conductlon    ^^    TnV'l  '2y 

where 

T  =  the  thickness  in  inches,  and 

C  =  is  the  conductivity  of  the  material. 

As  Q  at  any  part  of  the  wall  must  be  equal  to  that  of  any  other  part  of 

the  section, 

Q  =  ki{t  -  h)  =  ^{h  -  t2)  =  k2{t2  -  to)  =  U{t  -  to). 

Therefore, 

1    1    r  _i_  1  =  ^_Z_ii  _L  ^1  -  ^2    ,    t2  -  ^0  ^  t  -  to  ^  J_ 
ki^  C'^  k2~     Q     ^      Q      ^      Q  Q         U 

and 

U  = 7p  +     etc. 

ki       k2^  C 

It  is  clear  from  the  foregoing  that  if  a  compound  wall  had  been  considered 
in  the  formula  it  would  have  become 

TJ  =  t pff, 

kl^  k2^   Cl    ^   C2~^  Cs 

This  equation  is  the  one  generally  used  in  the  computation  of  the  heat 
leakage  in  buildings,  cold  storage  rooms  and  boxes,  but  in  order  to  use 
this  formula  the  values  for  ki  and  ^2  must  be  known  as  well  as  the 

1  Willard  and  Lichty,  Bulletin  No.  102  of  the  Engineering  Experiment  Station, 
University  of  Illinois. 
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average  values  of  C  for  building  material  and  insulation.  The  values 
for  ki  are  given  in  Table  46,  and  it  was  recommended  by  Willard  and 
Lichty  that  the  values  for  ^2  be  taken  as  three  times  those  for  ki  for  a 
nominal  velocity  of  the  wind  of  not  more  than  15  miles  per  hour. 

Values-  of  C  for  insulation  are  given  in  Table  43  and  for  building 
material  are  given  in  Table  44.  For  convenience  Table  45  is  also 
included,  calculated  for  1.0  degree  difference  in  temperature,  and  for 
the  heat  transfer  per  square  foot  per  hour  for  20,  40,  60,  80  and  100 
degrees  difference  in  temperature  on  the  two  sides  of  the  built-up 
material.     In  these  calculations  the  values  of  Ai  and  A:2  are  included. 


Fig.  133. — Zones  of  Average  Temperature  for  July,  August  and  September. 


although  it  is  very  doubtful  whether  such  refinements  are  justified, 
especially  as  the  personal  equation  of  the  workmen  requires  that  a  factor 
of  about  25  per  cent  be  added  to  the  heat  transfer  as  calculated.  As  a 
rule  the  skin  effect  increases  the  value  of  the  denominator  by  0.77  for 
each  inside,  and  by  0.25  for  each  outside  surface.  In  order  to  get  an 
idea  of  the  average  temperature  of  the  air  throughout  the  United 
States,  average  isothermals  for  the  three  summer  months  are  given  in 
Fig.  133.  In  cold  storage  work  it  is  not  the  maximum  air  temperature 
that  should  be  taken  for  the  calculation  of  the  heat  leakage,  but  the 
maximum  average  sustained  temperature  for  three  or  more  days. 

^  A  very  complete  review  of  insulation  values  is  given  in  the  Report  of  the  Insula- 
tion Committee,  American  Society  of  Refrigerating  Engineers,  1924. 
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TABLE  43 
Thermal  Conductivities  of  Various  Insulating  Materials- 
OF  Standards,  Department  of  Commerce 


-U.  S.  Bureau 


Conductivity, 

B.t.u.  per 

Square  Foot 

Material 

per  Degree 

Difference  of 

Temperature 

per  Hour 

Density 

Air 

0.167 

Colorax .  . 

0.221 
0.246 
0.271 

0.064 

Hair  felt 

0.27 

Keystone  luiir 

0.30 

Pure  wool .  . 

0.242 
0.242 
0.262 
0.292 
0.292 

0.107 

Pure  wool .  . 

0.102 

Pure  wool .  . 

0.061 

Pure  wool .  . 

0.039 

Cotton  wool 

0.100 

Insulite 

0.296 
0.317 

0.19 

Corkboard  (pure) . .  . 

0.18 

Granulated  cork. . .  . 

0.34 

0.160 

Eelgrass. .  .  . 

0  321 

0.25 

Flaxlinum 

0.329 
0.329 
0.346 

0.18 

Fibrofelt 

0.18 

Balsa  wood 

0.12 

Rock  cork 

0.346 
0.409 

0.33 

Waterproof  lith .... 

0.27 

Pulp  board 

0.433 

Air  cell,  §  in 

0.446 

0.14    1 
0.14    / 

Air  cell,  1  in 

0.479 

Asbestos  paper 

0.491 

0.50 

Infusorial  earth .... 

0.579 

0.69 

Fire  felt  (sheets) 

0.59G 

0.42 

Fire  felt,  roll 

0.637 

0.68 

3-ply  Regal  roofing  . 

0.696 

0.88 

Asbestos  mill  board. 

0.847 

0.97 

Cypress 

0.657 

0.46 

White  pine 

0.792 

0.50 

Virginia  pine 

0.957 

0.55 

Oak 

1.000 

0.61 

Hard  maple 

1 .  125 

0.71 

Asbestos  wood 

2.710 

1.97 

Nature  of  Material 


Horizontal  layer  heated  from  above. 

Fluffy,  finely-divided  mineral  ma- 
terial. 

Hairfelt  confined  between  layers 
building  paper. 

Firmly  packed. 
Firmly  packed 
Loosely  packed. 
Very  loosely  packed. 
Firmly  packed. 

Pressed  wood  pulp,  rigid,  fairly 
strong. 


Inclosed  in  burlap. 

Vegetable  fibres,  firm  and  flexible. 

Vegetable  fibres,  firm  and  flexible. 

Very  light  and  soft. 

Pressed  rock  wool  with  binder,  rigid. 

Rock  wool,  vegetable  binder,  not 
flexed. 

Stiff  pasteboard. 

/  Corrugated    asbestos    paper    en- 

l      closing  air  spaces. 

Fairly  firm  but  easily  broken. 

(Block). 

Asbestos  sheets  coated  with  ce- 
ment, rigid. 

Soft,  flexible  asbestos. 

Flexible  tar  roofing. 

Pressed  asbestos,  fairly  firm,  easily 
broken. 


Asbestos  and  cement. 
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The  insulation  of  pipes  is  given  by  Heilman  ^  in  Table  47  and  the 
equation  at  the  bottom  of  this  table.  However,  the  problem  is  slightly 
different  from  that  of  flat  plates  (as  walls,  floors,  etc.),  and  it  is  usual 
to  take  the  values  of  different  insulations  per  one  foot  of  length  of 
nominal  pipe  size  as  found  by  experiment.  The  thicknesses  used  are 
those  for  drinking  water,  standard  brine  and  extra  thick  brine.  Values 
for  heat  transfer  for  these  thicknesses  are  given  in  Tables  48  and  49. 

TABLE  44 

Coefficients  Based  on  Heat  Transmission  Tests  [B.t.u.  per  Hour] 

(These  values  are  based  on  the  tests  run  under  most  satisfactory  conditions) 


Material 


Brick  wall  (mortar  bond  and  dry  conditions) 

Concrete,  1-2-4  mixture 

Wood  (fir,  one  surface  finished) 

Corkboard 

Magnesia  board 

Glass  (actual  glass  91.4  per  cent  of  total  area) 

2-in.  tile,  ^-in.  plaster  on  both  surfaces 

4-in.  tile,  |-in.  plaster  on  both  surfaces 

6-in.  tile,  |-in.  plaster  on  both  surfaces 

2-in.  tile,  plastered  as  above  and  roofing  covered 

Asbestos  board 

Sheet  asbestos 

Double  glass,  |-in.  air  space  (glass  69.3  per  cent  of  total 

area) 

Roofing* 

Air  spacef 

Mortar 

Shavings 


C  per  1  In. 
Thickness  per 
Square  Foot 
per  1  Deg.  F. 


.00  (5.00) 
8.30 
1.00 
0.32 
0.50 
2. 06  J 
1.00§ 
0.60§ 
0.47§ 
0.84 
0.50 
0.30 

1.50t§ 
5.30§ 
.00-1. 70 § 
8.0 
0,42 


A' 

Still  Air  per 

1  Deg.  F. 


1.40 
1.30 
1.40 
1.25 
1.45 
.5  to  2.00 
1.10 
1.10 
1.10 
1,25 
1.60 
1.40 

2.00 
1.25 

0.93 


\c      c,  "*"  Ci) 


*  Calculated  from  values  of  C  for  2-in.  tile  with  and  without  roofing. 

t  See  "Air  Spaces." 

X  Per  square  foot  of  actual  glass  set  in  wood  frame  but  based  on  total  heat  transmitted. 

i  For  thickness  and  construction  stated,  not  per  1  in.  of  thickness. 

Kinds  of  Insulations. — Referring  to  Table  43,  it  will  be  seen  that 
there  are  a  large  number  of  substances  that  are  suitable  for  low-temper- 
ature insulation,  but  a  choice  of  an  insulating  material  should  not  be 
made  without  all  pertinent  factors  entering  into  the  consideration.  For 
example,  the  value  of  C  for  ^-in.  air  space  is  given  as  10.7  B.t.u.,  a 
3  R.  H.  Heilman,  Mechanical  Engineering,  1924. 
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1-in.  air  space  is  11.5  and  a  1-in.  horizontal  layer  is  given  as  4  B.t.u. 
per  hour.  It  is  understood  that  air  is  the  best  insulator  known,  pro- 
vided convection  can  be  prevented,  and  it  can  be  prevented  best  by  the 
use  of  a  material  with  a  large  number  of  air  cells  of  small  size  separated 
from  one  another  as  is  to  be  found  in  cork,  hair  felt,  wood  and  vegetable 
material  of  various  sorts,  as  flaxHnum,  fibrofelt  and  other  compressed 
vegetable  fibre. 

Some  of  these  materials  absorb  moisture  and  need  to  be  protected 
by  means  of  waterproof  paper  or  they  must  be  made  waterproof  in  the 
process  of  manufacture.  This  statement  refers  to  hair  felt,  vegetable 
fibres  and  woods  and  to  the  mineral  in- 
sulations like  rock  cork,  w^aterproof  lith, 
asbestos  and  others  of  similar  nature. 
Waterproof  lith  is  a  mixture  of  flax  fibres, 
40  per  cent  by  volume,  and  limestone  rock 
made  waterproof  by  means  of  petroleum 
vapor  during  manufacture.  Sawdust  has 
been  used  and  shavings  are  still  used  in 
the  cheaper  constructions,  in  which  case  the 
material  should  be  dried  and  protected  from 
the  absorption  of  moisture  by  means  of  water- 
proof building  paper.  Granulated  cork  can 
be  used  to  advantage  in  special  cases,  but 
as  a  rule  the  preferred  type  of  insulation  is 
in  a  form  of  board  of  convenient  size  for 
erection  on  the  wall,  floors  and  ceilings. 
Waterproof  lith  is  made  in  boards  18  in.  X 
48  in.,  and  corkboard  is  usually  12  in. 
X  36  in.  Thicknesses  vary,  but  cork  can 
be  obtained  from  |^  to  1  in.  by  eighths,  and 
in  l^,  2,  3,  4,  and  6  in. 

Besides  the  consideration  of  waterproofness  there  are  also  the  factors 
of  fireproofness  and  protection  from  vermin.  Sawdust  has  been  used  in 
ice-house  construction  for  a  long  time,  but  it  has  nothing  to  recommend 
it  except  its  cheapness,  and  shavings  were  used  in  the  temporary  cold 
storage  buildings  erected  by  the  War  Department  in  1917  and  1918 
(Fig.  287).  In  general,  the  kind  of  insulation  should  conform  to  the 
type  of  construction  used  in  the  building,  and  consideration  should  be 
taken  of  the  probable  Hfe  of  the  structure  as  well  as  the  fractional  part 
of  the  year  that  the  building  will  probably  be  used  for  cold  storage  or 
other  purposes  where  insulation  is  required.  While  cork  is  of  vegetable 
origin  it  can  be  made  waterproof  by  asphalt  coating  and  to  some  extent 
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Wall  insulation 


Fig. 


Elevation 

134. — Continuous 
Insulation. 
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TABLE  46 
Specific  Conductivity  of  Various  Materials 


Materials. 

a  32 

P 

Cast  iron 

330.00 

-0.0004 

Average  values  for  gray  iron. 
\'ariations  with  composition  very 

great. 

Wrought  iron 

(unworked) 

450.00 

-0.0009 

See  next  below  as  indication  of 
variation. 

Wrought  iron 

(worked). 

240  00 

-0  0006 

Steel  (soft) 

300.00 

-0.0003 

See  below  as  indication  of  varia- 
ations. 

Steel  (mod.  hard)..  . 

240.00 

-0.0003 

Steel  (very  hard) .  .  . 

ISO 

Copper  (pure) 

2400 

-0.0002 

\  Values  given  by  different  experi- 

Copper 

1       menters     vary     considerably. 

(commercial) 

2100. 

+0.0001 

Probably  due  to  variations  in 
''       purity  and  condition. 

Brass  (yellow) 

420 

+0.0014 

)  Varies    greatly    with     composi- 
/      tion. 

Brass  (red) 

540 

+0.0008 

Aluminum  (pure). .  . 

750 

+0.0003 

Aluminum 

.,,  /  0.5%  Fe 
"'*Mo.4%Cu 

1041 

+0.0002 

Cylinder  oil 

0.784 

-0.0015 

Naturally    varies    with    kind    of 
oil,    cylinder  oil  not   being   a 
definite  compound. 

Water 

2.6158 

+0.0053 

These  values  seem  best  authen- 

ticated.       Authorities     differ 

greatly. 

Air 

0.11989 

+0.0017 

Varies  with  humidity,  etc. 

Hvdroeen 

0.71933 

Fire  brick 

6.948  at  1300°  F.     Varies  consid- 

erably   with    composition    of 

brick. 

"Insulating" 

materials 

0.4  to  1.2 

Such  materials  as  cork,  cellular 

paper,  asbestos  mixtures,  etc. 

«t  =  a32   {l  +  0it-32)}. 
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by  the  mortar  finish.  The  mortar  finish  assists  in  making  cork  fireproof, 
but  under  any  conditions  it  is  a  very  slow  burning  material.  At  the 
present  time  corkboard  is  used  in  the  majority  of  installations  where 
flat  surfaces  are  to  be  insulated.  In  the  case  of  tanks,  shell  and  tube 
brine  coolers,  etc.,  molded  insulation  can  be  used  to  advantage,  but  in 
many  cases  granulated  cork  can  be  packed  around  the  body  to  be 
insulated  and  held  in  place  by  means  of  a  container  made  of  tongue  and 
grooved  lumber  with  waterproof  paper  between  the  layers.  A  good 
example  of  this  construction  is  shown  in  Fig.  270  for  ice  tank  construc- 
tion. 

TABLE  48 

For  Drinking  Water  Conditions 

Heat  leakage  in  B.t.u.  per  linear  foot  of  pipe  per  deg.  F.  difference  of 
temperature  per  hour 


Size  of 

Union 

Hair  Felt 

(Two 
Layers) 

Cork- 

Size  of 

L'nion 

Hair  Felt 

(Two 
Layers) 

Cork- 

Pipe 

Lith 

board 

Pipe 

Lith 

board 

^ 

0.157 

0.086 

0.160 

3 

0.294 

0.192 

0.304 

1 

0.170 

0.095 

0,167 

3^ 

0.355 

0.211 

0.330 

1 

0.180 

0.107 

0.178 

4 

0.367 

0.228 

0.345 

u 

0.213 

0.124 

0.199 

^ 

0.376 

0.247 

0.385 

n 

0.217 

0.132 

0.220 

5 

0.446 

0.268 

0.410 

2 

0.269 

0.149 

0.245 

6 

0.558 

0.307 

0.437 

2\ 

0.272 

0.167 

0.291 

The  use  of  corkboard  for  pipe  line  construction  is  not  always  the 
best  practice.  Where  the  pipe  has  a  tendency  to  shake,  the  material 
should  have  the  ability  to  give  a  little.  Under  these  conditions  hair  felt 
gives  satisfaction  if  properly  applied,  that  is,  if  the  material  is  kept 
from  absorbing  moisture  as  it  will  unless  the  outside  waterproofing  is 
erected  in  place  correctly. 

The  Effect  of  Moisture. — The  effect  of  moisture  on  the  value  of  the 
coefficient  of  heat  transfer  is  very  well  explained  in  the  paper  by  L.  F. 
Miller  presented  at  the  14th  Western  meeting  of  the  American  Society 
of  Refrigerating  Engineers,  May,  1927.  In  this  paper  it  is  shown  by 
experiments  that  the  increase  in  the  value  of  k  may  be  as  much  as  50 
per  cent.  It  is  also  mentioned  in  the  paper,  a  fact  that  others  have 
noticed,  that  the  value  of  A;  varies  with  the  actual  temperature  of  the 
material   subject  to  heat   transmission.     As  a  rule   the   refrigerating 
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engineer  is  not  particularly  interested  in  either  of  these  factors.  The 
insulation  is  waterproofed  as  far  as  possible  and  the  engineer  realizes 
that  there  is  a  tendency  for  moisture  to  work  into  the  material  where 
freezing  will  ultimately  disintegrate  it.  The  usual  practice  is  to  make 
the  insulation  waterproof,  or  as  nearly  so  as  is  practical,  and  to  use  a 
factor  in  the  calculations  for  heat  leakage  that  will  allow  for  irregularities 
in  the  erection  and  for  the  presence  of  moisture. 

Erection. —  Dead  air  spaces  in  the  floor  or  the  wall  are  of  no  value  in 
cold  temperature  insulation,  but  are  a  source  of  considerable  trouble 
due  to  condensate  collecting  in  these  spaces,  as  is  found  in  hollow  tile  or 
the  space  between  joists.  Roof  and  floor  slabs  are  preferred  to  tile, 
and  where  air  spaces  are  found  in  the  construction  it  is  best  to  fill  them 
with  granulated  cork  or  other  insulating  material.  Care  must  be  taken 
in  the  insulation  of  columns  or  tanks  on  the  ground  floor  or  freezing  of 
the  earth  under  the  footings  will  result.  Where  cork  is  applied  to  a 
concrete  ceiling  it  may  be  laid  in  the  concrete  forms,  and  a  finish  of 
Portland  cement  mortar  can  be  applied  after  the  forms  have  been 
removed.  The  larger  cold  storage  warehouses  are  now  constructed  with 
continuous  outside  wall  insulation  without  break  due  to  t^dng  the  floors 
to  the  walls  (Fig.  144).  In  rooms  where  the  humidity  is  high,  and  where 
there  is  a  tendency  for  moisture  to  condense  on  the  surface,  the  cork 
should  be  covered  with  some  special  preparation.  The  Armstrong  Cork 
Co.  uses  an  asphalt  mastic  finish  ^  in.  thick,  which  is  ironed  on  at  the 
factory  and  is  made  tight  at  the  joints  on  erection  by  means  of  a  ho', 
trowel.  If  nails  are  used  in  corkboard  they  should  be  galvanized,  but 
some  engineers  prefer  the  wooden  skewer  as  wood  is  a  poorer  conductor 
of  heat.  Pitch  or  tar  should  not  be  used  in  the  erection  of  corkboard, 
but  instead  some  odorless  material  which  will  not  tend  to  taint  the  food- 
stuffs in  storage.  Other  things  being  equal,  the  asphalt  is  better  than 
the  cement  plaster  because  of  the  waterproofness  of  the  asphalt. 
Moisture  will  penetrate  any  form  of  insulation  if  the  conditions  are 
favorable. 

In  erecting  corkboard  against  brick  or  concrete  walls  the  first  process 
should  be  to  prime  the  masonry  thoroughly  with  at  least  one  coat  of 
some  sort  of  emulsified  asphalt  primer.  If  such  a  priming  coat  is  not 
appHed  to  the  walls,  and  the  corkboard  is  erected  against  the  walls  in 
Portland  cement,  the  air  which  seeps  through  will  carry  moisture  with 
it  which  may  condense  back  of  the  corkboard  and  even  enter  the  inter- 
stices between  the  granules  of  cork,  thereby  causing  a  disintegration  of 
the  cork. 

The  use  of  asphalt  or  cement  plaster  in  cold  storage  construction  is 
still  not  definitely  settled.    Cement  gives  greater  strength  than  asphalt 
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does,  but  the  latter  is  waterproof  and  costs  considerably  less  than  cement 
mortar.  Cement  plaster  will  crack,  therefore  the  plaster  finish  should  be 
apphed  in  two  coats  and  score  marks  should  be  made  every  four  feet. 

Protecting  and  Finishing  Cork  Insulation. — A  finish  for  cork  insula- 
tion, in  order  to  have  a  universal  application  to  all  conditions  under 
which  such  insulation  is  used,  should  have  the  following  properties: 

1.  It  should  bond  securely  to  the  face  of  the  cork  under  all  condi- 
tions of  service  and  use. 

2.  It  should  remain  intact — that  is,  should  not  develop  cracks 
regardless  of  the  temperature  changes  to  which  it  is  subjected.  In  other 
words,  the  continuity  of  the  finish  should  not  be  broken. 

3.  It  should  be  both  air-proof  and  moisture-proof  in  order  to  insure 
the  maximum  insulation  value  of  the  cork  sheet. 

4.  It  should  be  sanitary — not  absorbent  of  odors — and  it  should  have 
a  finish  that  may  be  cleaned  readily  by  steam  or  hot  water  without 
damage. 

5.  It  should  be  odorless  itself,  and  in  setting  it  should  give  off  no 
fumes  or  noxious  odors,  as  it  must  be  used  frequently  in  confined 
spaces. 

6.  It  should  be  of  such  a  character  as  to  take  decoration,  as  a  paint 
or  an  enamel,  should  a  paint  finish  be  desired. 

7.  Its  application  should  be  within  the  range  of  the  abihties  of  one 
of  the  usual  building  trades  without  special  equipment  or  special  knowl- 
edge. 

8.  It  must  be  economical. 

For  the  great  majority  of  work  there  has  been  no  alternative  in  the 
selection  of  the  finish.  The  choice  has  been  Umited  to  the  ordinary 
plaster,  not  because  it  was  satisfactory  and  fully  met  service  conditions, 
but  because  it  was  the  only  material  available. 

Plaster,  however,  is  objectionable,  and  has  proved  unsatisfactory  in 
many  particulars.  In  the  first  place  it  does  not  bond  well  with  cork. 
Cork  is  without  suction  or  capillarity,  and  a  surface  that  lacks  this 
property  is  difficult  to  plaster  on  with  any  assurance  of  good  adhesion. 
There  are  many  instances  where  plaster  has  fallen  off  the  cork  sheets, 
and  has  had  to  be  replaced  with  the  addition  of  wire  mesh  or  expanded 
metal  in  order  to  hold  it  in  place. 

Plaster  not  only  develops  cracks,  but  the  very  conditions  of  its  use 
make  the  development  of  cracks  inevitable.  Cork  sheets  are  almost 
always  set  up  in  hot  asphalt,  which  is  used  as  a  cementing  medium, 
although  asphalt  is  not  a  a  solid  but  is  in  reality  a  fluid.  When  the  wall 
against  which  the  cork  is  laid  expands  or  contracts,  some  slight  move- 
ment of  the  cork  takes  place.    When  this  occurs  the  rigid  plaster  on  the 
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face  of  the  cork  generally  yields  by  cracking.  It  is  claimed  also  that 
plaster  is  neither  air-proof,  moisture-proof  nor  sanitary  since  it  will 
absorb  both  moisture  and  odors. 

Standard  Construction. — The  following  specifications  and  construc- 
tion'* represent  good  practice  for  pipes,  fittings,  tanks  and  building 
construction. 

Insulation  of  Refrigerated  Piping. — After  all  the  pipe  lines  have  been 
tested  and  have  been  made  tight,  they  should  be  covered  with  cork 
covering  and  fitting  covers  of  the  proper  thickness,  as  outlined  in  the 
following  schedules: 

For  temperatures  from  0  deg.  F.  to  25  deg.  F.  Brine  thickness. 

For  temperatures  from  0  deg.  F.  to  —  35  deg.  F.      Special  tliick  brine. 
For  temperatures  from  25  deg.  F,  to  45  deg.  F.         Ice  water  thickness. 

All  foreign  matter,  such  as  plaster,  should  be  removed  from  all  pipe 
surfaces  before  covering  is  applied.  Under  no  circumstance  shall  pipes 
be  covered  while  wet  or  in  a  frosted  condition. 

Sectional  covering  shall  be  used  on  all  pipes  8  in.  and  smaller  for 
brine  thicknesses,    6   in.    and   smaller 
for  special  thick  brine,  and  10  in.  and 
smaller  for  ice  water  thickness. 

Sectional  covering  shall  be  applied 
with  all  end  joints  broken  by  making 

one-half  of  the  first  section  18  in.  long  Fig.  135. — Pipe  Insulation. 

and   leaving  the   other   half  36  in.  in 

length  (Fig  135).  All  longitudinal  joints  shall  be  on  the  top  and 
the  bottom  of  the  pipe  and  not  along  the  sides.  All  covering  shall  be 
applied  with  waterproof  cement  on  all  joints  and  wired  in  place  with 
copper-clad  steel  wire,  using  not  less  than  six  wires  to  a  section. 

For  brine  thickness  molded  fitting  covers  shall  be  used  on  all  screwed 
and  flanged  fittings  6  in.  and  smaller.  In  the  case  of  special  thick 
brine,  molded  fitting  covers  shall  be  used  o*n  standard  screwed  fittings 
5  in.  and  smaller,  ammonia  and  extra  hea^^  screwed  fittings  4^  in. 
and  smaller,  and  all  flanged  fittings  4  in.  and  smaller.  For  ice  water 
thickness  molded  fitting  covers  shall  be  used  on  standard  and  extra 
heavy  screwed  fittings  6  in.  and  smaller,  standard  flanged  fittings 
4  in.  and  smaller. 

Molded  fitting  covers  shall  be  applied  with  waterproof  cement  on 
all  joints  and  wired  in  place  with  copper-clad  steel  wire,  using  not  less 
than  four  wires  on  screwed  fittings  and  six  wires  in  flanged  fittings 

*  The  following  covers  the  Armstrong  Cork  and  Insulating-  Co.  practice. 
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(Figs.  136  and  137),     All  spaces  between  covers  and  fittings  shall  be 
filled  carefully  with  brine  putty. 


Space  filled 
with  brine  putty 


Space  filled 
with  brine  putty 


Fig.  136. — Insulation  for  an  Angle 
Valve. 


Fig.  137. — Insulation  for  a  Globe 
Valve. 


Space  filled 
with  brine  putty 


After  the  covering  has  been  applied,  all  seams  and  chipped  edges 
shall  be  filled  with  a  suitable  seam  filler  so  as  to  leave  a  smooth  and  even 

surface.    The  whole  covering  shall  then  be 
given  one  good  coat  of  cork  covering  paint. 

All  pipes  larger  than  the  sizes  listed  for 
sectional  covering  shall  be  covered  with 
cork  lagging  weighing  not  less  than  1.2  lb. 
per  foot,  board  measure,  and  beveled  to  the 
proper  diameter.  All  joints  shall  be  broken 
by  starting  with  alternate  18  ins.  and  36  in. 
lags.  Waterproof  cement  shall  be  used  on 
all  joints,  and  the  lags  shall  be  wired  in 
place  with  copper-clad  steel  wire  using  not 
less  than  six  wires  to  every  three  feet  of 
lagging. 
Screwed  and  flanged  fittings  larger  than  the  sizes  just  mentioned  for 
molded  covers  shall  be  covered  with  fitting  covers  made  from  cork 


138. — Insulation- 
Flanged  EU. 


Space  filled  with  brine  putty 


Space  filled  with  brine  putty 

Fig.  139. — Insulation — 
Flanged  Tee. 


Fig.  140. — Insulation  Flanged  EU 
of  Large  Size,  with  Cover. 
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lagging  weighing  not  less  than  1.2  lb.  per  foot,  board  measure,  and 
beveled  to  the  proper  diameter.  All  lagging  shall  be  assembled  with 
waterproof  cement  on  all  joints  and  wired  in  place  with  copper-clad  steel 
wire,  using  not  less  than  six  wires  per  fitting  (Figs.  138  and  140). 

Cylindrical  Brine  Coolers  and  Tanks. — The  following  table  gives  the 
thickness  of  cork  lagging  that  has  been  found  economical  for  the  tem- 
peratures noted: 

Inches 

Below  5  deg.  F 6 

5  deg.  to  20  deg.  F 5 

20  deg.  to  32  deg.  F 4 

32  deg.  to  55  deg.  F 3 

55  deg.  to  65  deg.  F 2 

1  ^  Band  iron  with  clip 
and  bolt  for  tightening 
-Fine  regranulated  cork  \ 


Fig.  141. — Insulation — Horizontal  Brine  Cooler. 


The  cylindrical  surface  of  the  tank  will  be  insulated  with  one  layer 
of  cork  lagging  of  the  proper  thickness.  The  lagging  shall  be  beveled  to 
the  proper  diameter  and  shall  have  a  mineral  rubber  finish  ironed  on  at 
the  factory  to  both  the  inner  and  the  outer  surfaces.  The  lags  shall  be 
applied  with  waterproof  cement  on  all  joints  and  secured  with  If -in. 
bands  of  16-gage  galvanized  iron,  drawn  up  tight  by  means  of  bolts 
through  chps  riveted  to  the  ends  of  the  bands.  The  bands  shall  be 
spaced  not  more  than  12  in.  apart.  The  lags  shall  be  appHed  with 
broken  transverse  joints.  All  spacing  between  the  tank  and  the  lagging 
shall  be  filled  with  brine  putty. 

The  flanged  ends  of  the  cooler  or  the  tank  shall  be  insulated  with  a 
suitable  disk  of  cork  lagging  supported  by  a  layer  of  cork  lagging  over 
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the  flanges.  This  flange  lagging  shall  project  beyond  the  head  of  the  tank 
a  distance  equal  to  the  thickness  of  the  disk  and  shall  have  a  bearing  on 
the  body  lagging  of  not  less  than  the  overhand  required  to  enclose  the 
disk,  tank  head  and  flange  bolts.  The  flange  lagging  shall  be  applied 
with  waterproof  cement  on  all  joints  and  secured  by  not  less  than  three 
galvanized  iron  bands  as  described. 

Walls. — It  is  recommended  that  the  walls  of  ice  storage  rooms  be 
built  of  hard  pressed  brick.   The  roof  must  be  left  around  all  walls  for  a 


Fig.  142. — Insulation — Vertical 
Brine  Cooler. 


Fig.  143. — Insulation — Riveted 
Brine  Cooler. 


space  equal  to  the  thickness  of  the  wall  insulation  plus  1  in.,  so  that  the 
wall  insulation  ma\^  be  continuous  to  its  connection  with  the  roof  insula- 
tion, as  shown  in  Fig.  145.  Any  spaces  between  the  insulation  and  the 
edge  of  the  roof  slab  shall  be  filled  with  cement  grout. 

The  wall  surfaces  must  be  smooth  and  true,  and  thoroughly  cleaned 
of  all  dirt,  dust,  plaster,  loose  mortar,  etc.  If  rough  and  uneven,  the 
wall  surfaces  must  be  plastered  with  portland  cement  plaster,  mixed 
one  part  of  cement  to  three  parts  of  clean  sand,  applied  thick  enough  to 
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..  ■^-...  ..,._.■  litto 


^f^oof  sJab 


—5  Ply  roofing 
— Corkboard 
—Asphalt  cement 
—  Corkboard 
—Asphalt  cement 


Beam 


^""--Beam  insulation 
3'-0'-— > 
Belt  of  insulation  around  room  at 
junction  of  wall  and  roof  insulation 

-Temporary  wood  support 
Fig.  144. — Insulation — Wall  and  Floor. 


true  up  the  wall  surface  and  not  less  than  ^  in.  thick  at  the  high  points. 
The  surfaces  of  the  walls  (if  plastered,  after  the  plaster  has  dried 
thoroughly)  must  then  be  painted  with  a  good  coat  of  asphalt  paint. 

Prepare  a  suitable 
amount  of  asphalt  cement. 
Use  plain  unscored  cork- 
board. Dip  each  piece — 
one  side,  the  end  that  is  to 
butt  the  board  that  is 
already  in  place,  and  the 
lower  edge — in  asphalt,  then 
put  it  in  place  quickly.  The 
first  row  of  corkboard  must 
be  erected  on  the  wall  at 
the  floor  on  a  level  line, 
and  should  be  carried  clear 

around  the  room  if  all  four  walls  are  to  be  insulated.  The  boards 
must  be  kept  in  perfect  alignment,  in  order  that  the  joints  in  the 
upper  rows  may  fit  close  and  tight.  As  each  board  is  put  in  place  care 
must  be  taken  to  butt  it  tightly  against  the  adjoining  boards.  All  verti- 
cal joints  must  be  broken,  or  must  be  staggered,  as  shown  in  Fig.  145. 

A  second  course  shall  be  laid  as  follows:    Saw  some  of  the  boards 
lengthwise  down  the  center,  so  as  to  have  enough  pieces  of  half  the 

regular  width  to  make 
one  row  around  the 
room.  Start  at  the  floor 
line  with  these  narrow 
pieces,  staggering  joints 
with  the  floor  insulation 
as  shown  in  Fig.  144. 
Dip  each  piece — the 
plain  side,  the  end  that 
is  to  abut  the  board 
that  is  already  laid  in 
place,  and  the  lower 
edge — in  asphalt,  and 
then  put  it  in  place 
quickly,  drawing  it  up 
tightly  against  the  first  course  of  corkboard  with  either  galvanized  iron 
nails  or  wooden  skewers.  Care  must  be  taken  to  prevent  the  vertical 
joints  of  the  second  course  from  coming  directly  over  the  vertical 
joints  in  the  first  course.    Then   continue  the   erection   of   the  second 


Cross 

Section 


Elevation 


Mortar  finish 
Corkboard 
Asphalt  cement 
Corkboard 
Asphalt  cement 
Asphalt  paint 


Fig.  145. — Insulation — Wall. 


198 


HEAT   TRANSFER 


layer  of  corkboard,  using  sheets  of  full  length  and  width.  Care  must 
be  taken  to  keep  the  first  row  in  perfect  alignment  so  that  the  upper 
rows  may  be  close  and  tight,  as  the  efficiency  of  the  insulation  de- 
pends upon  getting  tight  joints.  At 
the  floor  and  roof  and  in  the  corners 
of  the  room  the  two  layers  of  cork- 
board  should  be  joined  in  the  manner 
shown  in  Fig.  146. 

The  nails  or  skewers  should  be 
driven  in  obhquely,  two  to  the  square 
foot.  They  must  be  long  enough  to 
reach  well  into  the  first  course,  but 
not  through  the  wall.  Two  nails  or 
skewers,  one  near  each  end,  should 
be  driven  part  way  into  each  board 
before  it  is  put  in  place  and  used  to 
Fig.  146.— Insulation— Joint  at  Wall  hold  the  board  when  dipping  it  in 
and  Ceiling.  ^^g  asphalt  cement. 

All  joints  and  nail  heads  shall 
be  filled  with  a  plastic  seam  filler.  Care  must  be  taken  to  see  that 
the  joints  between  the  wall  and  the  roof  insulation  are  staggered  and 
made  perfectly  tight  by  sealing  with  hot  asphalt  in  the  manner  shown 
in  Fig.  146.  In  case  the  roof  insulation  is  to  be  laid  before  the  walls 
are  insulated,  a  belt  of  in- 
sulation must  first  be  erect- 
ed around  the  top  of  the 
walls  in  order  to  insure  the 
proper  connection  of  wall 
and  roof  insulation.  This 
belt  should  be  wide  enough 
to  extend  sHghtly  below  the 
roof  beams  and  should  rest 
on  a  wood  support  tempo- 
rarily secured  to  the  wall, 
as  shown  in  Fig.  146,  until 
the  wall  insulation  is  put  up. 
Where  the  height  of  the 
room  is  over  14  ft.,  buck- 
stays,  or  studding,  3  X  6  in.,  must  be  erected  on  4-ft.  centers  horizon- 
tally and  8-ft  centers  vertically  to  a  depth  of  8  in.  in  the  wall  and 
extending  through  the  insulation  and  approximately  4  in.  beyond. 
Any  voids  around  the  bolts  at  the  face  of  the  brick   wall  shall  be 


-Seal  voids  with  seam  filler 

-5/8"B0lt 

-Wall  insulation 
-3"x6"Stud 
|- — ^Vie  Hole  through  stud  ^^ 
-2V2'diameter  hole  2V4deep 
■Seam  filler 
-Cork  plug 


Fig.  147. — Insulation — Backstay. 
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packed  with  seam  filler  before  the  corkboard  is  erected.  The  buck- 
stays  will  fasten  securely  3X6  studs  erected  on  edge  and  drawn  up 
tight  against  the  insulation,  as 
shown  in  Fig.  147. 

Beams. — The  steel  beams  sup- 
porting the  roof  must  be  insula- 
ted for  a  distance  of  3  ft.  out 
from  the  wall  line  with  the  same 
thickness  of  insulation  used  on 
the  walls.  The  first  layer  is  to 
be  erected  against  the  beam  with 
waterproof  cement  and  propped 
in  place  until  the  cement  sets,  as 

shown  in  Fig.  148.     Concrete  beams  are  to  be   insulated   in   the   same 
manner  as  the  wall  and  for  the  same  distance  as  specified  for  steel  beams. 

Roof. — The  concrete  or  wood 


5  Ply  roofing 
Roof  insulation 
Roof  sheathing 
Joist 

Prop  for  first  layer 
Nailing  strip 
Asphalt  finish 
Corkboard 
Asphalt  cement 
Corkboard 
Waterproof  cement 
Steel  beam 

Fig.  148. — Insulation — Steel  Beams. 


5  Ply  roofing 
Roof  insulation 
Concrete  roof  slab 
Asphalt  finish 
Corkboard 
Asphalt  cement 
Corkboard 
Asphalt  cement 
Asphalt  paint 
Steel  beam 


roof,  upon  which  the  corkboard 
is  to  be  applied,  must  first  be 
cleaned.  All  dirt,  plaster,  dust, 
loose  mortar,  whitewash,  etc., 
must  be  removed  carefully.  In 
the  case  of  a  concrete  slab,  if 
the  surface  is  not  reasonably 
smooth,  it  should  be  covered 
Hght  coating  of  portland  cement  in  order  to  make  an  even 
against   which   to   apply   the   corkboard.     Prepare  a  suitable 


Fig.  149. — Insulation — Concrete  Beams. 


-Asphalt  paint 
-Asphalt  cement 
-Corkboard 
"Asphalt  cement 
-Corkboard 
-Asphalt  finish 


with  a 
surface 

amount  of  asphalt 
on  the  basis  of  ap- 
proximately two 
and  one-quarter 
pounds  for  each 
square  foot  of  roof 
surface. 

Use  plain  cork- 
board ;  that  is, 
corkboard  that 
has  not  been 
scored.  Pour  out 
on  the  roof  only 
sufficient    asphalt 

to  lay  one  board  at  a  time.      As    each  sheet    is    put  down    push  it 
along  a  few    inches   in   the   melted  asphalt  so  that  sufficient  asphalt 


Portland  cement  finish 
Concrete 
Asphalt  cement 
Corkboard 
Asphalt  cement 


J I — Corkboard 
Asphalt  cement 

Fig.  150. — Insulation — Wall  and  Floor. 
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^Plaster  finish 


Sub  frame 


Sill  for  Wood  Floor 


Concrete  Sill  Vertical  Section 


High  Sill 


FLOOR 
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Vertical  Section 
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will  accumulate  on  the  edge  of  the  board  to  seal  the  joints  effectively. 
Put  down  the  first  row  along  one  side  of  the  roof.    Be  careful  to  stagger 

jesp  am  U! 
-mP!MfuEn;es3||g--^ 
sienba  3Due)S!p  siiji       ' 


3u|sop  joj  uieo 

•  jeap  u|  JOOQ 

■Sujuado  ||BM --H 


joints  with  the  wall  insulation  and  to  seal  these   contacts  with  hot 
asphalt.    Take  care  to  keep  the  boards  in  perfect  alignment,  so  as  to 
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secure  tight  fitting  joints  in  the  rows  to  follow.  Break  the  joints 
in  the  second  row  and  the  second  course  in  a  manner  similar  to  that 
used  in  wall  construction,  but  be  sure  that  the  short  joints  of  the 
second  course  do  not  come  over  the  short  joints  of  the  first  course. 
Especial  care  must  be  taken  to  insure  that  the  joint  between  the  roof  and 
the  wall  insulation  is  perfectly  tight  and  well  sealed  with  asphalt. 

Floor. — The  corkboard  shall  be  applied  in  a  manner  similar  to  that 
used  in  roof  and  wall  insulation,  after  which  the  surface  shall  be  flooded 
with  hot  asphalt  to  a  thickness  of  at  least  ^  in.  by  simply  pouring  the 


38'-0" 


154. — Cold  Storage  Doors — The  Double  Swing  Door. 


molten  asphalt  uniformly  over  the  surface.  On  this  surface  a  4-in. 
concrete  wearing  floor  shall  be  laid  down. 

Tables  50  and  51  give  dimensions  and  shipping  weights  for  cork- 
board.  The  design  and  construction  of  cold  storage  doors  are  shown  in 
Figs.  151,  153  and  154,  and  a  typical  cold  storage  window  by  Fig.  152. 
Bunker  room  construction,  showing  the  opening  for  the  warm  and  the 
cold  air,  and  the  insulation  required  are  shown  in  Figs.  155  and  156. 

The  Economic  Thickness  of  Insulation. — It  has  been  the  custom  of 
engineers  to  use  the  rough  rule  of  1  in.  of  corkboard  for  every  10  deg.  F. 
difference  in  temperature  between  that  of  the  cold  storage  room  or  ware- 
house and  the  mean  temperature  of  the  atmosphere.  This  usually 
resulted  in  thicknesses  of  insulation  of  from  3  to  4  in.  in  the  case  of  cooler 
walls  and  6  to  9  in.  for  freezer  rooms,  depending  on  the  extreme  limits 
to  be  experienced  in  the  work.   Like  most  rules  of  thumb,  the  thickness 
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to  be  used  has  no  reference  to  the  cost  of  the  power  consumed  or  of  the 
investment  either  in  the  building  or  in  the  equipment  directly  con- 


■2 

1 
t 
o 

ii 

a 

; 

« 

S 

^ 

<6 

O     » 

W  3: 

5 

: 

:: 

: 

:: 

: 

k 

c 
CO 

U- 

a 

"O 

'3 

i 
s 

2  ^ 

1 

5 

^ 

" 

£5 

« 

1  s- 

ag}  uodn  Suipusd 

1 

1 

p  q;8ua|  4323 
.9  «/  ssseo  lie  u| 

hS 

£ 

s 

- 

s 

s 

K 

■a 

3 

.J 

s 

« 

> 

5' 

s 

? 

s 

•". 

■» 

-> 

■^N- 

■9 

1 

I 

J 

s 

S 

t 

t 

■a 

-3 

i^ 

s 

e 

-' 

a 

J 

^ 

" 

"= 

'1 

■" 

•■-; 

« 

J 

1 

1 

I 

J; 

E 

J 

m;3u3|  luood       1 

t 

:" 

■N 

<v 

<s 

■N 

o- 

1 

■; 

° 

* 

° 

5 

s 

s 

Si'S 

s. 

X 

•^ 

«3 

«ij^ 

« 

^ 

.; 

^ 

~ 

■^ 

'^ 

■^ 

«P 

«^ 

■c 

« 

« 

«3 

^ 

^ 

J 

p 

ujooj  qoea  jo)     1 
9iein3|eo  3q  01  1 

^ 

■; 

■; 

■^ 

t 

3| 

11 

' 

- 

s 

- 

- 

A|uo|roo       lioovieawl 

=1 


^1  lii 


1 

■s 

J2 

s 

2 

J 

§ 

- 

1 

i 

>• 
6 

§ 

s 

1 

a 

< 

h 

0- 

J 

s 

1 

1 

s 

*2 

!, 

u 

i. 

- 

- 

s 

pol 

— 

> 

l_ 

r 

1  ,/9IMea 

i 

f 

5 
0 
0 

u 
*: 

c 
ij 
Q 

> 

0 

> 

1 

1 

c 

'5 
m 

:  ' 

5 

CO 

v 

5 

\ 

^^ 

-^0    \ 

CQ 


cerned  in  the  production  of  refrigeration.     It  is  evident,  when  one  con- 
siders the  subject,  that  if  a  ton  of  refrigeration  costs  when  delivered  to 
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the  room  where  it  is  to  be  used — including  all  operating,  interest  and 
depreciating  charges — only  $1  per  24  hours,  then  the  thickness  of  insula- 
tion which  it  is  economical  to  use  in  order  to  reduce  the  cost  of  refrigera- 
tion must  be  smaller  than  in  the  case  where  the  charge  of  $2  or  $3  would 
be  made.  The  cost  of  power,  of  water,  and  of  labor  are  decided  factors 
that  must  be  considered  if  the  thickness  of  insulation  is  to  be  chosen 


b 


4'-0 


->{<-9-^ 


Fig.  157. — Insulation — Bunker  Suspended  from  Ceiling. 


which  will  give  the  greatest  return  on  the  investment.     The  factors 
influencing  a  choice  of  the  economic  thickness  include  then : 

1.  The  cost  of  a  ton  of  refrigeration  delivered,  per  24  hours. 

2.  The  cost  of  the  insulation  applied,  per  year. 

3.  The  cost  of  the  refrigerating  equipment  not  included  in  item  1, 
and  particularly  the  room  piping,  etc.,  per  year. 

4.  The  value  of  the  space  occupied  by  the  insulation,  per  year.  Con- 
sidering the  case  of  a  wall,  ceiling  or  floor,  ^  these  losses  may  be  expressed 
in  the  following  manner: 

Let    X  =  the  thickness  of  the  insulation,  in  inches; 

C  =  the  coefficient  of  conduction  of  the  insulation,  per  1  in. 
thick,  per  hour; 

*  P.  Nicholls,  The  Economic  Thickness  of  Insulation  in  the  Refrigerating  Field, 
Refrigerating  Engineering,  1923. 
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F  =  the  yearly  load  factor; 

B  =  the  cost  in  dollars  for  the  insulation  applied,  per  1  in. 

thick,  per  1  sq.  ft.  of  surface; 
A  =  the  cost  in  dollars  per  ton  of  refrigeration  per  24  hrs., 

delivered; 
G  =  the  cost  in  dollars  per  ton  of  refrigeration  of  the  machinery. 

etc.,  not  included  in  A; 
I  =  the  interest  rate  as  a  per  cent  on  the  insulation  investment; 
R  =  the  repair  cost  per  year  as  a  per  cent  of  the  insulation  first 

cost; 
Y  =  the  life  of  the  insulation,  in  years; 
r,  R',  Y'  =  Similar  values  apphed  to  machinery,  etc.,  in  G; 

ta  =  the  temperature  of  the  outside  air,  deg.  F.,  as  an  average 

for  the  period  of  operations; 
tm  =  the  maximum  temperature  of  the  outside  air,  in  deg.  F.; 
t  =  the  temperature  of  the  cold  storage  room,  in  deg.  F.; 
tp  =  the  temperature  of  the  refrigerant  in  the  piping,  in  deg.  F. ; 
S  =  the  value  per  year  of  1  cu.  ft.  of  space  in  the  cold  storage 

room ; 
u  =  the  coefficient  of  heat  transfer  of  the  wall,  per  hour,  for  the 

materials  of  construction  other  than  the  insulation  as 

given  by  the  usual  formula: 

I  _]_,!,    Ill   ,I2        . 

U"    ki^  k2^   Cl~^   C2' 

Using  these  symbols,  the  separate  costs  will  be: 

1.  The  cost  per  year  of  the  heat  leakage  through  the  insulation 

ta-t   ^  24  X  365  X  F  X  A 
X 


1       X  288,000 

u'^  C 

2.  The  cost  of  the  insulation  per  year,  per  square  foot  per  1  in.  thick 

^     VlOO  ^  100  ^  F 

3.  The  cost  per  year  of  the  investment  required  to  offset  the  heat 
leakage  through  the  insulation 

1       ^  ^  288,000  ^     \100  ^  100  ^  Y' 
u^  C 
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4.  The  cost  of  the  space  occupied  by  the  insulation  per  year 

12 

As  a  rule  the  cost  of  insulation,  applied,  can  be  expressed  by  the  formula 

C 
B  = \-  B'  dollars  per  board  foot, 

X 

where 

C  is  the  cost  of  finish,  plaster,  nails,  labor  and  overhead  per 

square  foot; 
and 

B'  is  the  cost  of  the  insulation  delivered  to  the  job. 
Also,  if 

P  is  the  cost  in  dollars  per  square  foot  of  refrigerating  piping 

installed  in  the  cold  room  as  the  equipment  represented 
hyG, 
then 

^    12,000  X  P 

kx  (t-  tpY 

where 

A;  =  the  coefficient  of  heat  transfer  for  the  piping  per  hour. 

Then  if  Z  =  total  cost  per  year, 

100  ^  100  ^F 

u^  C 


„       ta-t  ^   365FA      (C         \      /  / 

U-  t  1  12,000  X  P  w  /  Jl    ,    ^    ,   i_\ 

1   ,    x^  12,000       fc  X  («  -  g       \100  ^  100  ^  Y'J- 


■   ^x      t„ 

u^  C 

For  a  minimum,  dZ/dx  =  0,  so,  by  differentiating  and  putting  this  equal 
to  zero  and  solving  for  x,  the  result  becomes, 


X  = 


^  B'll  -^  R-\-  ^j  +  8.3*S 


XC-- 
u 


As  an  example  of  the  manner  in  which  the  value  of  x  may  be  cal- 
culated, the  following  values  may  be  taken : 

The  wall  may  be  considered  as  the  equivalent  of  12  in.  of  brick 
with  a  ^-in.  mortar  finish  on  the  cork. 

Let  7  =  6  per  cent; 

7'  =  6  per  cent; 
/?  =  3  per  cent; 
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R'  =  2  per  cent; 

Y  =  15  years; 
y  =  8  years; 

k  =  1.5  B.t.ii.  per  hour; 

C  =  0.35  B.t.u.  per  hour; 

fsTerage  =   50  dcg.  F. ; 

i  =  0  deg.  F.; 
^max  =  95  deg.  F; 
(t-Q  =  10  deg.  F.; 
F  =  1.0; 
A  =  $2.00; 


Imax 


S  =  $0.40  per  cu.  ft.; 
-  t  =  95  deg.  F.; 
P  =  ^.OQ,  the  cost  of  piping  per  square  foot  installed, 

plus  all  accessories. 

072_+jL065x\ 

288,000  X  P 


B 


G  = 


24  X  k  X  it  -  tj) 


y////////////^///////////////////// 


V 


Placing  these  values  in  the  equation  the  value  of  x  becomes  7.0  in. 
Using  a  value  of  $0.10  for  *S  the  value  of  x  is  changed  to  11.5  in.  Solving 
the  general  equation  for 
the    cost    with    varying  T 

values  of  x,  the  curve  in 
Fig.  159  is  obtained. 

Heat  Transfer;  Ap- 
paratus. —  More  impor- 
tant than  the  values  of 
heat  transfer  of  build- 
ing materials  are  those 
pertaining  to  piping, 
condensers,  and  coolers 
of  various  sorts.  The 
correct  design  of  every 
portion  of  the  refrig- 
erating plant  depends  on  the  proper  use  of  the  various  heat  transfer 
coefficients.  Imfortunately,  these  values  are  frequentl}^  little  better 
than  a  guess,  in  which  case  the  selected  values  are  so  liberal  as  to 
enable  the  load  imposed  on  the  apparatus  to  be  carried  under  any  set  of 
circumstances,  which  are  very  varied  in  commercial  work. 

For  piping  and  built-up  heat  transfer  apparatus  the  total  heat 


Fig.  158. — Hausbrandt's  Formula. 
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passing  through    the  surface  is  given  by    the  well-known  formula: 

Q  =  Ak(t2  -  h) 
where 

A  =  the  surface  area  in  square  feet; 
k  =  coefRcient  of  heat  transfer  in  B.t.u.  per  degree  difference  in 

temperature  per  hour  per  square  foot; 
Q  =  B.t.u.  per  hour; 
(^2  —  ^i)  =  the  temperature  difference  on  the  two  sides  of  the  surface. 

Until  recently  it  has  been  understood  by  refrigerating  engineers  that  the 
area  of  piping  is  to  be  taken  as  the  outside  area,  but  the  recent  test  code 

of  the  American  Society 
of  Mechanical  Engineers 
gives  the  area  as  figured 
from  the  side  of  the  re- 
frigerant. However,  this 
value  as  figured  is  a 
fictitious  value  in  many 
cases.  The  flooded  at- 
mospheric and  the  flood- 
ed double-pipe  condenser 
(for  example)  with  at 
least  the  lower  half  of 
each  pipe  filled  with 
liquid  has  its  effective 
■condensing  area  reduced 
in  proportion.  ^  The 
double-pipe  and  the  atmospheric  condenser  with  the  hot  gas  entering 
at  the  top  will  certainly  lose  in  effective  liquefaction  area  as  con- 
*  The  feeling  prevails  among  refrigerating  engineers  that  heat  transfer  is  greater 
from  the  metal  walls  of  the  condenser  to  the  condensate  and  then  to  the  gas  than 
from  the  walls  to  the  saturated  refrigerant.  In  the  ammonia  condenser  the  area 
exposed  to  the  superheated  gas  is  comparatively  small  in  amount.  In  the  bleeder 
tjrpe,  for  example,  this  amount  is  frequently  limited  to  two  pipes  and  only  under 
exceptional  circumstances  does  it  increase  to  three  pipes.  The  remainder  of  the 
condenser  is  in  a  wet  condition  with  beads  of  liquid  condensate  formint;  on  the  upper 
side  and  running  down  the  inside  or  dropping  to  the  bottom  of  the  pipe.  The 
refrigerant  is  not  exposed  to  a  dry  surface  but  one  constantly  wet  'Rath  the  liquid. 
Except  in  that  condenser  design  which  forces  the  liquid  through  the  pipes  at  a  high 
velocity — thereby  continually  breaking  down  the  surface  film — there  is  no  advantage, 
and  in  fact  there  is  a  positive  disadvantage  in  permitting  the  liquid  to  remain  on  the 
surface  of  the  condenser.  Once  condensed  the  refrigerant  should  be  drained  off  as 
quickly  as  conditions  will  permit.  In  this  respect  the  theoretical  design  of  ammonia 
condensers  follows  closely  that  of  the  better  known  and  better  designed  steam  surface 
condensers. 
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Fig.  159. — Problem — Economic  Thickness  of 
Insulation. 
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densation  occurs  and  the  liquid  condensate  flows  from  pipe  to  pipe 
into  the  Hquid  receiver.  The  loss  of  effective  surface  (loss  in  the 
sense  of  decreased  heat  transfer  due  to  the  layer  of  liquid  ammonia) 
might  be  easily  50  per  cent  or  more  of  the  surface  in  the  lower  tubes. 
This  trouble  is  even  greater  in  the  case  of  the  drip  type  condenser, 
which  has  a  hquid  flow  in  many  of  the  pipes  counter  to  the  flow  of  the 
compressed  gas  discharge  from  the  compressor,  and  always  has  most  of 
the  work  of  the  condenser  performed  in  the  upper  pipe  when  cold 
condensing  water  is  used  or  in  the  upper  two  or  three  pipes  when 
large  amounts  of  warm  water  are  used. 

Another  disturbing  factor  in  condensers  is  the  presence  of  air.  In 
Orrok's''  tests  on  steam  condensers  it  was  found  that  the  presence  of 
air  reduced  the  value  of  k  to  about  ^  of  the  value  obtained  with  an  air- 
free  surface.^  However,  all  commercial  condensers  have  air  present  to 
a  greater  or  a  lesser  degree,  although  there  is  more  care  now  (1927)  than 

^  Geo.  Orrok,  Amer.  Soc.  of  Mech.  Eng.,  1911. 

^  The  Effect  of  Surface  Film  on  Heat  Transfer. — Heat  transfer  in  ordinary  cases 
is  often  confused  with  the  thermal  conductivity  of  the  material  through  which  the 
heat  has  to  pass.  For  example  it  is  said  in  the  proceedings  of  an  important  associa- 
tion that,  since  copper  is  seven  times  as  good  in  conductivity  as  iron  is,  replacing 
iron  tubes  with  copper  ones  in  an  evaporator  or  heater  should  increase  the  capacity 
seven  times.     Actually  it  increases  the  capacity  only  about  10  per  cent. 

This  indicates  that  there  is  some  factor  in  heat  transfer  for  which  one  must  look 
further.  If  one  considers  a  plate  of  copper  1  ft.  square  and  0.065  in.  thick  the  usual 
values  for  the  thermal  conductivity  of  copper  would  indicate  that  there  should 
flow  through  the  plate,  per  degree  F.  difference  of  temperature  on  the  two  sides  of 
the  plate  per  hour,  about  40,000  B.t.u.  If  this  were  an  iron  plate,  about  6500  B.t.u. 
should  pass  through  under  the  same  conditions.  In  actual  practice  the  values  taken 
are  usually  from  2.50  to  300  B.t.u.  though  it  is  possible  that  the  practical  value  may 
go  up  to  as  much  as  1000  under  unusual  conditions. 

Evidently  there  is  some  resistance  other  than  the  resistance  of  the  metal  itself. 
The  usual  exj^lanation  is  that  a  film  of  almost  stagnant  liquid  is  present  on  the  surface 
of  the  metal.  Water  and  most  liquids  are  very  poor  conductors  of  heat.  It  is 
found,  for  example,  that  if  a  film  of  water  0.01  in.  thick  is  on  one  side  of  a  copper 
plate  it  wiU  decrease  the  rate  of  heat  transfer  from  40,000  to  300  B.t.u.  Evidently 
then  the  problem  in  commercial  work  is  to  get  heat,  not  through  the  metal  wall, 
but  through  the  thin  films  of  stagnant  liquids  or  gas.  It  is  necessary,  therefore,  to 
know  what  factors  affect  the  thickness  of  these  films  and  how  it  is  possible  to  predict 
their  resistance. 

Consider  a  tube  with  water  on  the  inside  and  steam  on  the  outside,  and  also  the 
resistance  that  is  offered  to  the  flow  of  heat  from  the  tube  to  the  liquid.  It  is  found 
that  the  greater  the  velocity  of  the  liquid  the  thinner  the  stagnant  film  and  that  the 
greater  the  viscosity  the  thicker  the  film.  For  a  film  of  given  thickness  the  narrower 
tubes  or  denser  liquids  result  in  higher  rates  of  heat  transfer.  These  factors  can  be 
calculated  numerically  for  a  few  limited  cases  which  arise  in  practice.  For  the  great 
bulk  of  practical  cases  it  is  possible  to  predict  only  in  part  what  effect  a  given  change 
in  design  may  have. 
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formerly  in  purging  the  condenser  and  in  preventing  air  leakage  and 
air  accumulation  into  the  system. 
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Orrok's  tests  also  brought  out  that  the  value  of  k  is  dependent  also 
on  the  mean  temperature  difference  (<„,).    In  tests  by  the  author  on  a 
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drip  type  condenser,  the  value  of  k  was  found  to  increase  with  a  decrease 
in  the  mean  temperature  difference.  Showering  the  condenser  with 
water  had  the  effect  of  making  each  pipe  more  effective,  and  of  decreasing 
the  difference  in  the  amount  of  Uquefaction  between  the  upper  and 
lower  pipes,  thereby  making  the  lower  pipes  assume  some  of  the  load.^ 
In  the  double  pipe  and  the  shell  and  tube  condenser  the  velocity  of  the 
condensing  water  has  a  great  effect  on  the  value  of  k,  but  the  atmos- 
pheric types  do  not  appear  to  be  affected  by  showering  more  or  less 
water  on  them  as  far  as  the  water  flow  is  concerned. 

In  regard  to  the  value  of  k  for  the  cooling  of  air,  water,  brine,  oil, 
milk,  etc.,  the  cleanUness  of  the  surface,  the  velocity  of  the  refrigerant 
and  the  commodity  being  cooled — in  so  far  as  it  affects  the  surface 
through  which  the  heat  is  passing  and  kind  of  fluid  being  cooled— are 
the  factors  which  affect  it.  Frostation  varies  in  amount,  the  piping 
design  permits  more  or  less  surface  to  be  non-effective  and  oils  and  dirt 
are  permitted  to  accumulate  inside  of  the  evaporator  surface.  Only 
the  shell  and  the  tube  brine  cooler  has  reasonably  standard  conditions, 
although  the  ice  plant  piping  vmder  flooded  conditions  is  uniform  in  its 
performance. 

The  engineer  is  interested  in  the  working  value  of  k,  one  that  can  be 
applied  to  the  formula  in  the  solution  of  problems,  and  a  few  of  these 
are  as  follows: 

Can  ice  making  piping:  B.t.u. 

Old  style  feed,  non-flooded 12  to    15 

Flooded 20  to    80 

Ammonia  condensers: 

Submerged  (obsolete  except  for  CO2) 30  to    40 

Atmospheric,  gas  entering  at  top 60  to    65 

Atmospheric,  drip  or  bleeder 125  to  200 

Flooded 125  to  150 

Shell  and  tube 150  to  300 

Double  pipe 150  to  250 

Baudalot  coolers,  counter  flow,  atmospheric  tj^pe: 

Mflk  coolers 75 

Cream  coolers 60 

Oil  coolers 10 

,       f  for  direct  expansion 60 

Water  coolers  I  ^^^^^^^^^ gO 

Brine  coolers: 

SheU  and  tube 90  to  100 

Double  pipe 150  to  300 

9  The  drip  pipe  condenser  was  one  of  2  in.  pipes,  12  high,  20  ft.  long. 
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Cooling  coils: 

Brine  to  unagitated  air 2    to    2  J 

Direct  expansion 1^  to    2 

Water  cooler,  shell  and  coil 15  to  25 

Liquid  ammonia  cooler,  shell  and  coil  accumulator.         45 

Air  dehydrator: 

1st  coil 5.0 


Shell  and  coil  (brine  in  coil)  ,  ^j      .,  o  rv 

I.  2d  coil 3.0 

Double  pipe 6  to      7 

Superheat  remover,  shell  and  tube 15  to    25 

The  action  of  forced  circulation  of  the  air  increases  k  by  an  amount 
varying  from  1|  to  2^  times  the  vakies  for  unagitated  air  whereas  frost 
decreases  the  value  of  k.  One  inch  of  frost  is  considered  to  decrease  the 
value  of  k  25  per  cent. 

Condenser  Surfaces. — The  values  usually  taken  in  specifying  the 
size  of  condensers  are  as  follows,  using  the  value  of  260  B.t.u.  per  ton  per 
minute  to  be  removed  by  the  condensing  water.  Shell  and  tube — 12  to 
15  sq.  ft,  per  ton;  shell  and  coil — 16  sq.  ft.;  double  pipe — 6  to  10  sq.  ft.; 
and  the  flooded  condenser  5  to  10  sq.  ft. 

As  an  example  of  the  method  used  in  dealing  with  heat  transfer  the  following 
will  be  solved: 

Problem. — A  100-ton  ice-making  plant  (160  tons  of  refrigeration)  makes  use  of 
the  shell  and  tube  superheat  remover.  The  discharge  ammonia  gas  is  cooled  to 
125  deg.  F.  Water  enters  at  70  and  is  heated  to  150  deg.  F.  Find  the  amount  of 
water  that  can  be  heated  (for  can  dipping  or  other  purposes)  and  the  surface  required 
of  the  superheat  remover,  if  the  condenser  pressure  is  200  and  the  suction  35  lb.  per 
sq.  in.  abs. 

The  temperature  of  discharge  from  the  compressor  is  234  deg.  F.  and  the  amount 
of  heat  removed  from  the  ammonia,  per  pound,  is  725  —  655  =  70  B.t.u. 

The  number  of  pounds  of  ammonia  passing  through  the  superheat  remover  is 

200 

X  160  X  60  =  4150. 


613.6  -  150.9 


The  heat  units  per  hour  to  be  removed  =  70  X  4150  =  290,500  B.t.u.     The  amount 

290,500 

of  water  heated  is —  =  3631  lb.  per  hour.     Taking  the  value  of  k  as  20.0  per 

150  —  iO 

84  —  55 
hour,  and  the  logarithmic  mean  temperature  difference  as -—  =  68.5  deg.  F. 

log,  U 
Then  290,500  =  A  X  20  X  68.5 

290,500 
A  =        '  ^     =  212  sq.  ft. 
1370 

The  superheat  remover  should  therefore  have  a  heat  transfer  surface  of  212  sq.  ft. 


216 


HEAT   TRANSFER 


The  Mean  Temperature  Difference. — In  calculating  the  mean  tem- 
perature difference  the  same  formula  is  used  where  the  hotter  temper- 
ature is  constant  and  the  colder  is  varying  (the  condenser),  the  colder 
constant  and  the  hotter  varying  (the  brine  cooler)  or  the  hotter  and  the 


0.4  0.5  0.6  0.7 

4f  =VaIue  of  tm  where  to  =  1 

Fig.  163. — Method  of  Calculating  Mean  Temperature  Difference. 


cooler  both  varying  either  with  parallel  or  with  counter  flow  of  the  two 
fluids.    For  the  first  case  the  formula  may  be  derived  as  follows: 

Referring  to  Fig.  158,  the  heat  absorbed  from  a  small  area  dS  per 
unit  time  is, 

dQ  =  CMdd 

where 

C  =  specific  heat  of  the  material; 

M  =  weight  of  the  fluid  flowing; 
dd  =  small  change  of  temperature. 
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The  transfer  of  heat  through  the  area  dS  in  the  same  time  is 

dQ  =  dkdS  =  cMdd 
therefore, 

do         k    ,„ 

which  can  be  integrated  and  rearranged  to 


log.^ 


Values  for  this  expression  are  shown  in  the  curve  in  Fig.  163. 


dS 


Integrating 


T  - = —  r 


log. — 


Therefore 


AQ  _  dg  -  db 

kS  "  ,      ea   ^^"^ 

Condenser  Tests.— Figs.  160,  161  and  162  are  taken  from  Bulletin  No.  171  of 
the  Engineering  Experiment  Station  of  the  University  of  Illinois  by  Kratz, 
Macintire  and  Gould. 
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TABLE  49 
Standard  Brine  Thickness  [Cork  Insulation] 


Transmission  in 
B.t.u.  per  Linear 
Foot  per  Degree 

of  Difference 

In  Temperature 

per  Hour 


Pipe 

Size, 
Inches 


1 

2 

24 


Transmission  in 
B.t.u.  per  Linear 
Foot  per  Degree 

of  Difference 

in  Temperature 

per  Hour 


0.141 
0.147 
0.156 
0.161 
0.165 
0.185 
0.202 


Pipe 

Size, 
Inches 


0.217 
0,228 
0.259 
0.247 
0,281 
0,293 
0,354 


Pipe 

Size, 

Inches 


9 
10 
12 
14 
16 


Transmission  in 
B.t.u.  per  Linear 
Foot  per  Degree 

of  Difference 
in  Temperature 
per  Hour 


0,364 
0,377 
0,417 
0,478 
0.515 
0.575 


Special  Thick 

Brine  [Cork  Insulation] 

1 

0.122 

3 

0,201 

8 

0,296 

3 

0.132 

3^ 

0,199 

9 

0,320 

1 

0.134 

4 

0,221 

10 

0,346 

u 

0,143 

44 

0,209 

12 

0,393 

n 

0.153 

5 

0,234 

14 

0,422 

2 

0.163 

6 

0,249 

16 

0,470 

2J 

0,184 

7 

0,273 

Rooms  or  Buildings 


Range  of 

Temperatures, 

Degrees  F. 

Thicknesses  of  Corkboard  Recommended  for 

Walls, 
inches 

Ceilings, 
inches 

Floors  on 

ground, 

inches 

Floors  above 

ground, 

inches 

Roofs, 
inches 

Below     -15 
-15  to     -5 
-5  to      10 
10  to      25 
25  to      40 
40  to      50 
50  to      65 

8 
7 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 
2 

7 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 
2 

9 
8 
7 
6 
5 
4 
3 

60  and  above 

2 

Freezing  Tanks 

Thicknesses  of  Corkboard  Recommended  for 

Bottoms,  if  placed  on 

foundation  laid  on 

ground,  inches 

Temperatures, 
Degrees  F. 

Thickness  of  Cork- 
board,  inches 

Minimum 

Preferably 

5 
6 

-20  to     -5 
-5  to    +5 
5  to      20 
20  to      35 
35  to      45 
45  and  above 

8 
6 
5 
4 
3 
2 

Cylindrical  Coolers,  Tanks  and  Filters  for  Cold  Liquids 


Range  of  Temperatures 
Degrees  F. 
Below  0 
0  to  10 
10  to  25 
25  to  45 
45  to  55 
55  and  above 


Thicknesses  of  Corkboard 

Recommended  for  Sides, 

Top,  Inches 

6 

5 

4 

3 

2 

U 
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TABLE  50 
[No  Void  Cork] 


Number 
of  Sheets 
in  Crate 

Measurement 
of  Sheets 

Size  of  Crate 

Thickness 

of  Sheets, 

Inches 

Dimen- 
sions, 
inches 

Board 

measure, 

square 

feet 

Dimen- 
sions, 
inches 

Contents 
cubic  feet 

Gross 
Weight, 
Pounds 

1 

u 

2 
3 
4 

60 
40 
28 
20 
16 

36X12X1 

36X12XU 

36X12X2 

36X12X3 

36X12X4 

180 
180 
168 
180 
192 

38X32X26 

38X32X26 
38X30X26 
38X32X26 
38X34X26 

18.3 
18,3 
17.1 
18.3 
19.3 

180 
180 
168 
180 
192 

TABLE  51 

[Armstrong  Cork] 
Dimensions  and  Shipping  Weights 


Gross 

Gross 

Net 

Material 

Thickness, 
Inches 

Number 
of  Boards 
per  Crate 

Square  Feet 
per  Crate 

Weight  per 
Crate, 
Pounds 

Weight  per 

Square 

Foot, 

Pounds 

Weight  per 

Square 

Foot, 

Pounds 

I5 

12 

36 

52 

1.45 

1.31 

2 

9 

27 

51 

1.89 

1.70 

Corkboard 

3 

6 

18 

50 

2.75 

2.47 

4 

4 

12 

45 

3.75 

3.3 

6 

3 

9 

45 

5.00 

4.48 

All  corkboard  is  made  in  sheets  12X36  in.  The  standard  size  shipping  crate 
(for  15-in.  to  6-in.  thick  boards)  measures  38X21X13  in.,  the  cubical  contents 
being  six  cubic  feet. 

As  cork  is  a  natural  product  and  hence  does  not  run  uniform  in  weight,  all  weights 
shown  in  the  above  table  are  subject  to  a  maximum  variation  of  10  per  cent,  over  or 
under. 
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TABLE  52 

SiZKS  OP  Cold  Storage  Doors 

[Jamieson] 


Size 
Number 

Dimensions  inside  of 
Frame  or  Door 
"In  the  Clear" 

Wall  Opening 
Required 

Cubic 

Feet, 
Crated 

Approxi- 
mate 
Shipping, 

Weight, 

Width 

Height 

Width 

Height 

Pounds 

Ft.      In. 

Ft.      In. 

Ft. 

In. 

Ft.      In. 

00 

2         6 

2 

3 

1 

2         5 

14 

150 

0 

2 

3 

2 

7 

3         5 

15 

195 

1 

2 

6       .. 

2 

7 

6         5 

25 

295 

2 

2         6 

6 

3 

1 

6         5 

30 

320 

3 

2         6 

6         6 

3 

1 

6       11 

32 

340 

4 

3 

6 

3 

7 

6         5 

33 

350 

5 

3 

6         6 

3 

7 

6       11 

35 

385 

6 

3         6 

6       .. 

4 

1 

6         5 

37 

400 

7 

3         6 

6         6 

4 

1 

6       11 

39 

435 

8 

3 

7       .. 

3 

7 

7         5 

38 

410 

9 

3         6 

7       .. 

4 

1 

7         5 

42 

435 

10 

4       .. 

6 

4 

7 

6         5 

40 

435 

11 

4 

6         6 

4 

7 

6       11 

44 

450 

13 

4         6 

6         6 

5 

1 

6       11 

48 

540 

14 

4 

7 

4 

7 

7         5 

46 

530 

15 

4         6 

7 

5 

1 

7         5 

51 

560 

16 

5       .. 

6        6 

5 

7 

6       11 

51 

585 

17 

5 

7 

5 

7 

7         5 

55 

600 

Sizes  of  Track  Doors 


25 

3 

6 

6 

7^ 

4 

1 

7 

10 

57 

510 

26 

3 

6 

9 

7^ 

4 

1 

10 

10 

79 

700 

27 

4 

6 

n 

4 

7 

7 

10 

62 

550 

28 

4 

9 

7i 

4 

7 

10 

10 

85 

780 

The  "Height  in  the  Clear"  for  the  track  doors  above  are  suitable  for  tracks 
measuring  7  ft.  2  in.  and  10  ft.  2  in.,  respectively,  from  finished  floor  level  to  top  of 
rail. 


CHAPTER  VII 
REFRIGERANTS 

In  Gottsche's  Die  Kalte-Maschinen  (1915)  there  are  27  German  firms 
listed  as  builders  of  ammonia  compressors,  29  of  carbon  dioxide  and  17  of 
sulphide  dioxide  compressors.  In  Great  Britain — due  possibly  to  law 
Ijut  also  to  the  relatively  cold  condensing  water— the  carbonic  compres- 
sor has  been  much  more  popular  than  that  using  ammonia  up  to  recent 
years,  whereas  the  sulphur  dioxide  type  has  been  used  relatively  very 
little.  Apparently  in  all  countries  the  tendency  is  to  use  the  ammonia 
system  in  preference  to  all  others.  In  the  United  States  ammonia  has 
nearly  the  entire  tonnage  except  for  certain  localities  and  kinds  of  work 
where  the  carbonic  system  has  the  preference  and  for  small  compressors 
where  sulphur  dioxide  or  some  of  the  special  refrigerants  are  coming 
into  use.  Viewed  impartially,  sulphur  dioxide^  has  no  present  excuse 
for  being  used,  for  the  charge  of  the  refrigerant  and  all  oil  entering  the 
system  has  to  be  anhydrous  or  the  acid  formed  with  the  water  will  start 
corrosion.  A  leak  occurring  at  a  joint,  for  instance,  will  also  start 
corrosion  sufficient  to  put  the  pipe  into  bad  shape  in  a  short  time. 
The  only  successful  sulphur  dioxide  compressor  in  the  United  States  in 
capacities  up  to  10  tons  of  refrigeration  is  the  one  where  the  machine  is 
very  self-contained  and  hermetically  sealed  at  the  factory. 

The  matter  of  detection  of  leaks  is  a  factor  of  great  importance, 
especially  in  the  fractional  tonnage  machines  where  service  has  to  be 
supplied,  and  where  the  initial  charge  of  the  refrigerant  is  from  3  to  5  lb. 
This  factor  is  of  particular  moment  in  the  case  of  certain  refrigerants 
which,  like  methyl  chloride,  do  not  react  chemically  with  any  con- 
venient "indicator"  as  ammonia  and  sulphur  dioxide  do. 

The  factors  influencing  the  choice  of  a  refrigerant  are  several  in 
number,  as  follows:  A  good  refrigerant  should  be  non-corrosive  to  the 
piping,  the  compressor,  gages,  etc.;  it  should  be  harmless  to  people 
and  commodities;   it  should  be  of  nominal  condenser  pressures  and  yet 

1  According  to  W.  S.  Douglas,  of  Wm.  Douglas  &  Sons,  in  a  letter  to  Cold  Storage, 
May,  1925,  the  use  of  SO2  in  Great  Britain  is  increasing  steadily,  and  he  considers 
it  the  best  refrigerant  for  small  machines  on  account  of  the  low  pressure,  the 
lubricating  properties,  and  the  ease  with  which  it  can  be  handled. 
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high  suction  pressures — 300  to  450  lb.  per  sq.  in. — permit  a  low  value 
of  the  piston  displacement  per  ton  of  refrigeration,  but  because  of  these 
heavy  unit  pressures  the  cylinder  diameter  is  kept  as  low  as  possible 
by  the  use  of  a  long  stroke,  the  ratio  of  the  stroke  to  the  diameter  being 
from  3^  to  4.  Table  53  gives  a  good  idea  of  the  comparison  of  the 
refrigerants,  using  carbon  dioxide  as  unity  in  the  last  column.  Table  54 
gives  values  for  the  thermodynamic  properties  of  carbon  dioxide. 


TABLE  54 
Thermodynamic  Properties  of  Carbon  Dioxide 


Tem- 
pera- 
ture, 

Pres- 
sure, 

Pounds 
per 

Square 
Inch 

Thermal 

Potential 

of  the 

Liquid, 

B.t.u.   per 

Pound 

Latent 
Head  of 
Vaporiza- 
tion 

Thermal 
Potential 

of 
Saturated 

Vapor, 

B.t.u.   per 

Pound 

Density  in 
Cubic  Feet 
per  Pound 

Entropy 

Degrees 
F. 

Of  the 
liquid 

Of  the 
vapor 

Of  the 
liquid 

Of  the 
vapor 

-40 

145.87 

-38.5 

136.5 

98.0 

0.0143 

0.607 

-0.0850 

0.2400 

-35 

161.33 

-35.8 

134.3 

98.5 

0.0145 

0.550 

-0.0793 

0.2367 

-30.0 

177.97 

-33.1 

132.1 

99.0 

0.0146 

0.498 

-0.0735 

0.2336 

-25.0 

195.85 

-30.4 

129.8 

99.4 

0.0148 

0.451 

-0.0676 

0.2306 

-20.0 

215.02 

-27.7 

127.5 

99.8 

0.0149 

0.409 

-0.0619 

0.2277 

-15.0 

235.53 

-24.9 

125.0 

100. 1 

0.0151 

0.371 

-0.0560 

0.2250 

-10.0 

257.46 

-22.1 

122.4 

100.3 

0.0153 

0.337 

-0.0500 

0.2220 

-  5.0 

280.85 

-19.4 

120.0 

100.6 

0.0155 

0.307 

-0.0440 

0.2198 

0.0 

305.76 

-16.7 

117.5 

100.8 

0.01.57 

0.280 

-0.0381 

0.2173 

6.0 

332.2 

-14.0 

115.0 

101.0 

0.01.^)9 

0.25G 

-0.0322 

0.2151 

10.0 

360.4 

-11.2 

112.2 

101.0 

0. 01(11 

0.2.35 

-0.0264 

0.2124 

15.0 

390.2 

-  8.4 

109.4 

101.0 

0.0164 

0.21G 

-0.0204 

0.2100 

20.0 

421.8 

-  5.5 

106.3 

100.8 

0.0166 

0.199 

-0.0144 

0.2071 

25.0 

455.3 

-  2.5 

103.1 

100.6 

0.0169 

0.182 

-0.0083 

0.2043 

30.0 

490.6 

+  0.4 

99.7 

100.1 

0.0172 

0.168 

-0.0021 

0.2012 

35.0 

528.0 

3.5 

95.8 

99.3 

0.0175 

0.155 

+0.0039 

0.1975 

40.0 

567.3 

6.6 

91.8 

98.4 

0.0178 

0.143 

0.0099 

0.1934 

45.0 

608,9 

9.8 

87.5 

97.3 

0.0182 

0.132 

0.0160 

0.1892 

50.0 

652.7 

12.9 

83.2 

96.1 

0.0186 

0.122 

0.0220 

0.1852 

55.0 

698.8 

16.1 

78.7 

94.8 

0.0191 

0.112 

0.0282 

0.1809 

60.0 

747.4 

19.4 

74.0 

93.4 

0.0197 

0.093 

0.0345 

0.1767 

65.0 

798.6 

22.9 

68.9 

91.8 

0.0204 

0.085 

0.0412 

0.1724 

70.0 

852.5 

26.6 

62.7 

89.3 

0.0212 

0.077 

0.0482 

0.1665 

75.0 

909.3 

30.0 

54.8 

85.7 

0 . 0222 

0.070 

0.0562 

0.1587 

80.0 

969.3 

35.6 

44.0 

79.6 

0.0238 

0.063 

0.0649 

0.1464 

85.0 

1032.7 

41.7 

27.5 

69.2 

0.0266 

0.057 

0.0761 

0.1265 

88.0 

1072.1 

Critica 

1  Point 
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Ammonia. — Ammonia  has  nominal  unit  pressures,  never  being  much 
more  than  185  lb.  per  sq.  in.,  although  the  presence  of  air  in  the  con- 
denser may  give  a  higher  value  on  the  gage,  or  extremely  high  temper- 
ature of  the  condensing  water  may  send  the  pressure  over  200  lb. 
The  value  (Table  55)  of  the  latent  heat  of  vaporization  (r)  is  high — 
from  550  to  590  B.t.u.— at  usual  evaporating  temperatures,  but  the  gas  is 
extremely  noxious  to  people  and  has  a  bad  effect  on  commodities  if 
heavy  leaks  occur.  As  leaks  are  harder  to  prevent  and  are  more  expensive 
than  they  would  be  for  steam  under  similar  pressures,  the  result  is  a 
special  form  of  flanged  joint  (see  Chapter  IV).  Tests'^  seem  to  indicate 
that  ammonia  is  an  explosive  for  certain  confined  mixtures  with  air 
from  13.1  to  26.8  per  cent  by  volume,  and  some  very  destructive 
ammonia  explosions  have  occurred  from  this  cause.  Ammonia  is  found 
to  be  corrosive  to  copper  and  copper  compositions  if  water  is  present, 
and  therefore  steel  and  iron  are  used  exclusively  in  the  circuit,  and  the 
valves  and  gages  are  especially  constructed  with  this  point  in  view. 
Great  care  is  taken  against  accidents  and  the  possible  loss  of  life.  Where 
liquid  gage  glasses  are  used,  special  automatic  shut-off  valves  are 
employed  to  safeguard  against  the  effect  of  the  glass  breaking,  and 
remote  control  stop  valves  are  frequently  used  in  the  larger  plants  to 
close  the  mains  near  the  compressor  should  a  cylinder  head  or  other 
trouble  occur  to  the  compressor. 

The  decomposition  of  ammonia  has  been  a  subject  of  interest  for 
years.  Lowenstein  gives  as  the  result  of  much  testing  that  no  decom- 
position occurs  if  the  ammonia  is  pure,  even  with  pressures  of  300  lb. 
for  a  few  days  at  a  time.  If  water  dropped  on  the  piston  rod  this  would 
work  into  the  cylinder.  Certain  lubricants  used  for  cylinder  lubrication 
were  found  to  decompose  in  part  and  the  hydrogen  component  to  collect 
in  the  condenser.  If  so-called  foul  gases  are  found  in  the  condenser,  and 
good  mineral  oil  is  used,  it  is  very  nearly  positive  that  these  gases  are 
air.  If  the  gases  burn  it  is  the  ammonia  coming  out  with  the  air  as  it 
is  not  practical  to  purge  without  the  loss  of  ammonia. 

Sulphur  Dioxide. — Sulphur  dioxide  has  much  lower  pressures  than 
ammonia  but  is  corrosive  to  both  iron  and  steel  if  water  is  present,  even 
in  small  amounts.  It  is  very  noxious  both  to  people  and  commodities, 
although  not  injurious  to  plant  life  in  small  amounts  in  the  air.  The 
latent  heat  of  vaporization  (r)  is  about  170  B.t.u.  per  lb.  and  the 
piston  displacement  per  ton  of  refrigeration  is  nearly  three  times  that  of 
ammonia  for  the  same  operating  conditions.  It  is  not  a  combustible 
and  there  is  no  danger  of  explosion  from  leaks  or  in  the  event  of  accidents 
to  the  compressor  or  to  the  pipe  system.    In  spite  of  the  natural  lubricat- 

'  Arthur  Lowenstein,  American  Society  of  Brewing  Technology,  March  29,  1916. 
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TABLE  55 
Saturated  Ammonia:   Temperature  Table 


Pressure 

Volume 

of 
Vapor, 
Feets 

Density 

of 
Vapor, 
Pounds 

Heat  Content 

Liquid,      Vapor, 
B.t.u.        B.t.u. 

Latent 
Heat, 
B.t.u. 

Entropy 

Temper- 
ature, 

Absolute, 
pounds 

Gage, 
pounds 

Liquid, 
B.t.u. 

Vapor, 
B.t.u. 

Temper- 
ature, 

Degrees 
F. 

per 
inch2 

per 
inchS 

per 
Pound 

per 

Foot3 

1 

per 
pound 

per 
pound 

per 
Pound 

per 
pound 
deg.  F. 

per 
pound 
deg.  F. 

Degrees 
F. 

t 

V 

g.p. 

V 

V 

h 

H 

L 

s 

S 

t 

-60 

-59 
-58 
-57 
-56 

5.55 
5.74 
5.93 
6.13 
6.33 

18.6* 
18.2* 
17.8* 
17.4* 
17.0* 

44.73 
43.37 
42.05 
40.79 
39.56 

0.02235 
.02306 
.02378 
.02452 
.02528 

-21.2 
-20.1 
-19.1 
-18.0 
-17.0 

589.6 
590.0 
590.4 
590.8 
591.2 

610.8 
610.1 
609.5 
608.8 
608.2 

-0.0517 

-  .0490 

-  .0464 

-  .0438 

-  .0412 

1.4769 
.4741 
.4713 
.4686 
.4658 

-60 

-59 
-58 
-57 
-56 

-65 

-54 
-53 
-52 
-51 

6.54 
6.75 
6.97 
7.20 
7.43 

16.6* 
16.2* 
15.7* 
15.3* 
14.8* 

38.38 
37.24 
36.15 
35.09 
34.06 

0.02605 
.02685 
.02766 
.02850 
.02936 

-15.9 
-14.8 
-13.8 
-12.7 
-11.7 

591.6 
592.1 
592.4 
592.9 
593.2 

607.5 
606.9 
606.2 
605.6 
604.9 

-0.0386 
.0360 

-  .0334 

-  .0307 

-  .0281 

1.4631 
.4604 
.4577 
.4551 
.4524 

-66 

-54 
-53 
-52 
-51 

-50 

-49 
-48 
-47 
-46 

7.67 
7.91 
8.16 
8.42 
8.68 

14.3* 
13.8* 
13.3* 
12.8* 
12.2* 

33.08 
32.12 
31.20 
30.31 
29.45 

0 . 03023 
.03113 
.03205 
.03299 
.03395 

-10.6 

-  9.6 

-  8.5 

-  7.4 

-  6.4 

593.7 
594.0 
594.4 
594.9 
595.2 

604.3 
603.6 
602.9 
602.3 
601.6 

-0.0256 

-  .0230 

-  .0204 

-  .0179 

-  .0153 

1.4497 
.4471 
.4445 
.4419 
.4393 

-50 

-49 
-48 
-47 
-46 

-45 

-44 
-43 
-42 
-41 

8.95 
9.23 
9.51 
9.81 
10.10 

11.7* 
11.1* 
10.6* 
10.0* 
9.3* 

28.62 
27.82 
27.04 
26.29 
25.56 

0.03494 
.03595 
. 03698 
. 03804 
.03912 

-  5.3 

-  4.3 

-  3.2 

-  2.1 

-  1.1 

595.6 
596.0 
596.4 
596.8 
597.2 

600.9 
600.3 
599.6 
598.9 
598.3 

-0.0127 

-  .0102 

-  .0076 

-  .0051 

-  .0025 

1.4368 
.4342 
.4317 
.4292 
.4267 

-46 

-44 
-43 
-42 
-41 

-40 

-39 
-38 
-37 
-36 

10.41 
10.72 
11.04 
11.37 
11.71 

8.7* 
8.1* 
7.4* 
6.8* 
6.1* 

24.86 
24.18 
23.53 
22.89 
22.27 

0.04022 
.04135 
.04251 
. 04369 
.04489 

0.0 
1.1 
2.1 
3.2 
4.3 

597.6 
598.0 
598.3 
598.7 
599.1 

597.6 
596.9 
596.2 
595.5 
594.8 

0.0000 
.0025 
.0051 
.0076 
.0101 

1.4242 
.4217 
.4193 
.4169 
.4144 

-40 

-39 
-38 
-37 
-36 

-35 

-34 
-33 
-32 
-31 

12.05 
12.41 
12.77 
13.14 
13.52 

5.4* 
4.7* 
3.9* 
3.2* 
2.4* 

21.68 
21.10 
20.54 
20.00 
19.48 

0.04613 
.04739 
.04868 
. 04999 
.05134 

5.3 

6.4 
7.4 
8.5 
9.6 

599.5 
599.9 
600.2 
600.6 
601.0 

594.2 
593.5 
592.8 
592.1 
591.4 

0.0126 
.0151 
.0176 
.0201 
.0226 

1.4120 
.4096 
.4072 
.4048 
.4025 

-36 

-34 
-33 
-32 
-31 

-30 

-29 
-28 
-27 
-26 

13.90 
14.30 
14.71 
15.12 
15.55 

1.6* 

0.8* 

0.0 

0.4 

0.8 

18.97 
18.48 
18.00 
17.54 
17.09 

0.05271 
.05411 
. 05555 
.05701 
. 05850 

10.7 
11.7 
12.8 
13.9 
14.9 

601.4 
601.7 
602.1 
602.5 
602.8 

590.7 
590.0 
589.3 
588.6 
587.9 

0.0250 
.0275 
.0300 
.0325 
.0350 

1.4001 
.3978 
.3955 
.3932 
.3909 

-30 

-29 
-28 
-27 
-26 

-25 

-24 
-23 
-22 
-21 

15.98 
16.42 
16.88 
17.34 
17.81 

1.3 
1.7 
2.2 
2.6 
3.1 

16.66 
16.24 
15.83 
15.43 
15.05 

0.06003 
.00158 
.06317 
.06479 
. 06644 

16.0 
17.1 
18.1 
19.2 
20.3 

603.2 
603.6 
603.9 
604.3 
604.6 

587.2 
586.5 
585.8 
585.1 
584.3 

0.0374 
.  0399 
.0423 
.0448 
.0472 

1 . 3886 
.3863 
.3840 
.3818 
.3796 

-25 

-24 
-23 
-22 
-21 

-20 

-19 
-18 
-17 
-16 

18.30 
18.79 
19.30 
19.81 
20.34 

3.6 
4.1 
4.6 
5.1 
5.6 

14.68 
14.32 
13.97 
13.62 
13.29 

0.06813 
.06985 
.07161 
.07340 
.07522 

21.4 
22.4 
23.5 
24.6 
25.6 

605.0 
605.3 
605.7 
606.1 
606.4 

583.6 
582.9 
582.2 
581.5 
580.8 

0.0497 
.0521 
.0,545 
.0.570 
.0594 

1.3774 

.3752 
.3729 
.3708 
.3686 

-20 

-19 
-18 
-17 
-16 

-16 

-14 
-13 
-12 
-11 

20.88 
21.43 
21.99 
22.56 
23.15 

6.2 
6.7 
7.3 

7.9 
8.5 

12.97 
12.66 
12.36 
12.06 
11.78 

0.07709 
.07898 
. 08092 
.08289 
.08490 

26.7 
27.8 
28.9 
30.0 
31.0 

606.7 
607.1 
607.5 
607.8 
608.1 

580.0 
579.3 
578.6 
577.8 
577.1 

0.0618 
.0642 
.0666 
.0690 
.0714 

1.3664 
.3643 
.3621 
.3600 
.3579 

-16 

-14 
-13 
-12 
-11 

-10 

23.74 

9.0 

11.50 

0.08695 

32.1 

608.5 

576.4 

0.0738 

1.3658 

-10 

*  Inches  of  mercury  below  one  standard  atmosphere  (29.92  in.), 
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Pressure         1 

1 

Heat  Content     | 

Entropy           | 

\ 

I'olume  Density 
of              of 

Latent 

Temper-  j 

Absolute, 

Gage, 

Vapor, 

Vapor, 

Liquid, 

Vapor, 

Heat, 

Liquid, 

Vapor,   Temper- 

ature, 

pounds 

pounds 

FeetS     Pounds| 

B.t  u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

ature, 

Degrees 

per 

per 

per 

per 

per 

per 

per 

per 

per       Degrees 

F. 

inch2 

inch2 

Pound 

Foots 
1 

pound 

pound 

Pound 

pound 
deg.  F. 

pound 
deg.  F. 

F. 

t 

P 

gp- 

V 

V 

h 

H 

L 

s 

S 

t 

-10 

23.74 

9.0 

11.50      0.086951 

32.1 

608.5 

576.4 

0.0738     1.3558   | 

-10 

-   9 

24.35 

9.7 

11.23 

.08904 

33.2 

608.8 

575.6 

.0762 

.3537 

-  9 

-  8 

24.97 

10.3 

10.97 

.09117 

34.3 

609.2 

574.9 

.0786 

.3516 

-  8 

-  7 

25.61 

10.9 

10.71 

. 09334 

35.4 

609.5 

574.1 

.0809 

.3495 

-  7 

-   6 

26.26 

11.6 

10.47 

.09555 

36.4 

609.8 

573.4 

.0833 

.3474 

-  6 

-   5 

26.92 

12.2 

10.23 

3.09780 

37.5 

610.1 

572.6 

0.0857 

1.3454 

-   5 

-   4 

27.59 

12.9 

9.991 

.1001 

38.6 

610.5 

571.9 

.0880 

.3433 

-  4 

-   3 

28.28 

13.6 

9.763 

.1024 

39.7 

610.8 

571.1 

.0904 

.3413 

-  3 

-   2 

28.98 

14.3 

9.541 

.1048 

40.7 

611.1 

570.4 

.0928 

.3393 

-  2 

-    1 

29.69 

15.0 

9 .  326 

.1072 

41.8 

611.4 

569.6 

.0951 

.3372 

-  1 

0 

30.42 

15.7 

9.116 

0.1097 

42.9 

611.8 

568.9 

0.0975 

1 . 3352 

0 

1 

31.16 

16.5 

8.912 

.1122 

44.0 

612.1 

568.1 

.0998 

.3332 

1 

2 

31.92 

17.2 

8.714 

.1148 

45.1 

612.4 

567.3 

.1022 

.3312 

2 

3 

32.69 

18.0 

8.521 

.1174 

46.2 

612.7 

566.5 

.1045 

.3292 

3 

4 

33.47 

18.8 

8.333 

.1200 

47.2 

613.0 

565.8 

.  1069 

.3273 

4 

6 

34.27 

19.6 

8.1.50 

0.1227 

48.3 

613.3 

565.0 

0.1092 

1.3253 

5 

6 

35.09 

20.4 

7.971 

.1254 

49.4 

613.6 

564 . 2 

.1115 

.3234 

6 

7 

35.92 

21.2 

7.798 

.1282 

50.5 

613.9 

563.4 

.1138 

.3214 

7 

8 

36.77 

22.1 

7.629 

.1311 

51.6 

614.3 

562.7 

.1162 

.3195 

8 

9 

37.63 

22.9 

7.464 

.1340 

52.7 

614.6 

561.9 

.1185 

.3176 

9 

10 

38.51 

23.8 

7.304 

0.1369 

53.8 

614.9 

561.1 

0.1208 

1.3157 

10 

11 

39.40 

24.7 

7.148 

.1399 

54.9 

615.2 

560.3 

.1231 

.3137 

11 

12 

40.31 

25.6 

6.996 

.1429 

56.0 

615.5 

559.5 

.1254 

.3118 

12 

13 

41.24 

26.5 

6.847 

.1460 

57.1 

615.8 

558.7 

.1277 

.3099 

13 

14 

42.18 

27.5 

6.703 

.1492 

58.2 

616.1 

557.9 

.1300 

.3081 

14 

15 

43.14 

28.4 

6.562 

0.1524 

59.2 

616.3 

557.1 

0.1323 

1.3062 

15 

16 

44.12 

29.4 

6.425 

.1556 

60.3 

616.6 

556.3 

.1346 

.3043 

16 

17 

45.12 

30.4 

6.291 

.1590 

61.4 

616.9 

555.5 

.1369 

.3025 

17 

18 

46.13 

31.4 

6.161 

.1623 

62.5 

617.2 

554.7 

.1392 

.3006 

18 

19 

47.16 

32.5 

6.034 

.1657 

63.6 

617.5 

553.9 

.1415 

.2988 

19 

20 

48.21 

33.5 

5.910 

0.1692 

64.7 

617.8 

553 . 1 

0.1437 

1.2969 

20 

21 

49.28 

34.6 

5.789 

.1728 

65.8 

618.0 

552.2 

.1460 

.2951 

21 

22 

50.36 

35.7 

5.671 

.1763 

66.9 

618.3 

551.4 

.1483 

.2933 

22 

23 

51.47 

36.8 

5. 556 

.1800 

68.0 

618.6 

550.6 

.  1505 

.2915 

23 

24 

52.59 

37.9 

5.443 

.1837 

69.1 

618.9 

549.8 

.1528 

.2897 

24 

25 

53.73 

39.0 

5.334 

0.1875 

70.2 

619.1 

548.9 

0.1551 

1.2879 

25 

26 

54.90 

40.2 

5.227 

.1913 

71.3 

619.4 

548.1 

.1573 

.2861 

26 

27 

56 .  08 

41.4 

5.123 

.1952 

72.4 

619.7 

547.3 

.1596 

.2843 

27 

28 

57.28 

42.6 

5.021 

.1992 

73.5 

619.9 

546.4 

.1618 

.2825 

28 

29 

58.50 

43.8 

4.922 

.2032 

74.6 

620.2 

545.6 

.1641 

.2808 

29 

30 

59.74 

45.0 

4.825 

0.2073 

75.7 

620.5 

544.8 

0.1663 

1.2790 

30 

31 

61.00 

46.3 

4.730 

.2114 

76.8 

620.7 

543.9 

.1686 

.2773 

31 

32 

62.29 

47.6 

4.637 

.2156 

77.9 

621.0 

543.1 

.1708 

.2755 

32 

33 

63.59 

48.9 

4.547 

.2199 

79.0 

621.2 

542.2 

.1730 

.2738 

33 

34 

64.91 

50.2 

4.459 

.2243 

80.1 

621.5 

541.4 

.1753 

.2721 

34 

35 

66.26 

51.6 

4.373 

0.2287 

81.2 

621.7 

540.5 

0.1775 

1.2704 

86 

36 

67.63 

52.9 

4.289 

.2332 

82.3 

622.0 

539.7 

.1797 

.2686 

36 

37 

69.02 

54.3 

4.207 

.2377 

83.4 

622.2 

538.8 

.1819 

.2669 

37 

38 

70.43 

55.7 

4.126 

.2423 

84.6 

622.5 

537.9 

.1841 

.2652 

38 

39 

71.87 

57.2 

4.048 

.2470 

85.7 

622.7 

537.0 

.1863 

.2635 

39 

40 

73.32 

58.6 

3.971 

0.2518 

86.8 

623.0 

536.2 

0   .1885 

1.2618 

40 
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Pressure 

Heat  Content 

Entropy 

Volume 

Density 

of 

of 

Latent 

Temper- 

\bsolute, 

Gage, 

Vapor, 

Vapor, 

Liquid, 

Vapor, 

Heat, 

Liquid, 

Vapor, 

Temper- 

ature, 

pounds 

pounds 

Feet» 

Pounds 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

ature, 

Degrees 

per 

per 

per 

per 

per 

per 

per 

per 

per 

Degrees 

F. 

inch* 

inch2 

Pound 

root3 

1 

pound 

pound 

Pound 

pound 
deg.  F. 

pound 
deg.  F. 

F. 

t 

P 

ff.p. 

V 

V 

h 

H 

L 

3 

S 

t 

40 

73.32 

58.6 

3.971 

0.2518 

86.8 

623.0 

536.2 

0.1885 

1.2618 

40 

41 

74.80 

60.1 

3.897 

.2.566 

87.9 

623.2 

535.3 

.1908 

.  2602 

41 

42 

76.31 

61.6 

3.823 

.2616 

89.0 

623.4 

534.4 

.1930 

.  2585 

42 

43 

77.83 

63.1 

3.752 

.2665 

90.1 

623.7 

533.6 

.  1952 

.  2568 

43 

44 

79.38 

64.7 

3.682 

.2716 

91.2 

623.9 

532.7 

.1974 

.2552 

44 

45 

80.96 

66.3 

3.614 

0.2767 

92.3 

624.1 

531.8 

0.1996 

1 . 2.535 

45 

46 

82.55 

67.9 

3.547 

.2819 

93.5 

624.4 

530.9 

.2018 

.2519 

46 

47 

84.18 

69.5 

3.481 

.2872 

94.6 

624.6 

530.0 

.2040 

.2502 

47 

48 

85.82 

71.1 

3.418 

.2926 

95.7 

624.8 

529.1 

.2062 

.2486 

48 

49 

87.49 

72.8 

3.355 

.2981 

96.8 

625.0 

528.2 

.2083 

.2469 

49 

60 

89.19 

74.5 

3.294 

0.3036 

97.9 

625.2 

527.3 

0.2105 

1.2453 

50 

51 

90.91 

76.2 

3.234 

.3092 

99.1 

625.5 

526.4 

.2127 

.2437 

51 

52 

92.66 

78.0 

3.176 

.3149 

100.2 

625.7 

525.5 

.2149 

.2421 

52 

53 

94.43 

79.7 

3.119 

.3207 

101.3 

625.9 

524.6 

.2171 

.2405 

53 

54 

96.23 

81.5 

3.063 

.3265 

102.4 

626.1 

523.7 

.2192 

.2389 

54 

66 

98.06 

83.4 

3.008 

0.3325 

103.5 

626.3 

522.8 

0.2214 

1.2373 

65 

56 

99.91 

85.2 

2.954 

.3385 

104.7 

626.5 

521.8 

.2236 

.2357 

56 

57 

101.8 

87.1 

2.902 

.3446 

105.8 

626.7 

520.9 

.2257 

.2341 

57 

58 

103.7 

89.0 

2.851 

.3508 

106.9 

626.9 

520.0 

.2279 

.2325 

58 

59 

105.6 

90.9 

2.800 

.3571 

108.1 

627.1 

519.0 

.2301 

.2310 

59 

60 

107.6 

92.9 

2.751 

0.3635 

109.2 

627.3 

518.1 

0.2322 

1.2294 

60 

61 

109.6 

94.9 

2.703 

.3700 

110.3 

627.5 

517.2 

.2344 

.2278 

61 

62 

111.6 

96.9 

2.6.56 

.  3765 

111.5 

627.7 

516.2 

.2365 

.2262 

62 

63 

113.6 

98.9 

2.610 

.3832 

112.6 

627.9 

515.3 

.2387 

.2247 

63 

64 

115.7 

101.0 

2.565 

.3899 

113.7 

628.0 

514.3 

.2408 

.2231 

64 

66 

117.8 

103.1 

2.520 

0.3968 

114.8 

628.2 

513.4 

0.2430 

1.2216 

65 

66 

120.0 

105.3 

2.477 

.4037 

116.0 

628.4 

512.4 

.2451 

.2201 

66 

67 

122.1 

107.4 

2.435 

.4108 

117.1 

628.6 

511.5 

.2473 

.2186 

67 

68 

124.3 

109.6 

2.393 

.4179 

118.3 

628.8 

510.5 

.2494 

.2170 

68 

69 

126.5 

111.8 

2.352 

.4251 

119.4 

628.9 

509.5 

.2515 

.2155 

69 

70 

128.8 

114,1 

2.312 

0.4325 

120.5 

629.1 

508.6 

0.2537 

1.2140 

70 

71 

131.1 

116.4 

2.273 

.4399 

121.7 

629.3 

507.6 

.2558 

.2125 

71 

72 

133.4 

118.7 

2 .  235 

.4474 

122.8 

629.4 

506.6 

.2579 

.2110 

72 

73 

135.7 

121.0 

2.197 

.4551 

124.0 

629.6 

505 . 6 

.2601 

.  2095 

73 

74 

138.1 

123.4 

2.161 

.4628 

125.1 

629.8 

504.7 

.2622 

.2080 

74 

76 

140.5 

125.8 

2.125 

0.4707 

126.2 

629.9 

503.7 

0.2643 

1.2065 

76 

76 

143.0 

128.3 

2.089 

.4786 

127.4 

630.1 

502.7 

.2664 

.  2050 

76 

77 

145.4 

130.7 

2 .  055 

.4867 

128.5 

630.2 

.501.7 

.  2685 

.  2035 

77 

78 

147.9 

133.2 

2.021 

.4949 

129.7 

630.4 

.500.7 

.2706 

.2020 

78 

79 

150.5 

135.8 

1.988 

.5031 

130.8 

630.5 

499.7 

.2728 

.2006 

79 

80 

153.0 

138.3 

1.955 

0.5115 

132.0 

630.7 

498.7 

0.2749 

1.1991 

80 

81 

1.55.6 

140.9 

1.923 

.5200 

133.1 

630.8 

497.7 

.2769 

.1976 

81 

82 

158.3 

143.6 

1.892 

.5287 

134.3 

631.0 

496.7 

.2791 

.1962 

82 

83 

161.0 

146.3 

1.861 

.  5374 

135.4 

631.1 

495.7 

.2812 

.1947 

83 

84 

163.7 

149.0 

1.831 

.5462 

136.6 

631.3 

494.7 

.2833 

.1933 

84 

86 

166.4 

151.7 

1.801 

0.5552 

137.8 

631.4 

493.6 

0.2854 

1.1918 

86 

l^. 
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Pressure 

Volume 

of 
Vapor, 
FeetJ 

Density 

of 
Vapor, 
Pounds 

Heat  Content 

Latent 
Heat, 
B.t.u. 

Entropy 

Temper- 
ature, 

Absolute, 
pounds 

Gage, 
pounds 

Liquid, 
B.t.u. 

Vapor, 
B.t.u. 

Liquid, 
B.t.u. 

Vapor, 
B.t.u. 

Teij, 
at  !, 

Degrees 
F. 

per 
inch* 

per 
inch* 

per 
Pound 

per 
Foot* 

1 

per 
pound 

per 
pound 

per 
Pound 

per 
pound 
deg.  F. 

per 
pound 
deg.  F. 

De  e 

t 

P 

gp- 

V 

V 

h 

H 

L 

s 

5 

es 

86 
87 
88 
89 

166.4 
169.2 
172.0 
174.8 
177.7 

151.7 
154.5 
157.3 
160.1 
163.0 

1.801 
1.772 
1.744 
1.716 
1.688 

0.5552 
.5643 
.5735 

.5828 
.5923 

137.8 
138.9 
140.1 
141.2 
142.4 

631.4 
631.5 
631.7 
631.8 
631.9 

493 . 6 
492.6 
491.6 
490.6 
489.5 

0.2854 
.2875 
.2895 
.2917 
.2937 

1.1918 
.1904 
.1889 
.1875 
.1860 

90 

91 
92 
93 
94 

180.6 
183.6 
186.6 
189.6 
192.7 

165.9 
168.9 
171.9 
174.9 
178.0 

1.661 
1.635 
1.609 
1.5S4 
1.559 

0.6019 
.6116 
.6214 
.6314 
.6415 

143.5 

144.7 
145.8 
147.0 
148.2 

632.0 
632.1 
632.2 
632.3 
632.5 

488.5 
487.4 
486.4 
485.3 
484.3 

0.2958 
.2979 
.3000 
.3021 
.3041 

1 . 1846 
.1832 
.1818 
.1804 
.1789 

96 
96 
97 
98 
99 

195.8 
198.9 
202.1 
205.3 
208.6 

181.1 
184.2 
187.4 
190.6 
193.9 

1.534 
1.510 
1.487 
1.464 
1.441 

0.6517 
.6620 
.  6725 
.  6S32 
.6939 

149.4 
150.5 
151.7 
152.9 
154.0 

632.6 
632.6 
632.8 
632.9 
632.9 

483.2 
482.1 
481.1 
480.0 
478.9 

0.3062 
.3083 
.3104 
.3125 
.3145 

1 .  1775 
.1761 
.1747 
.1733 
.1719 

100 

101 
102 
103 
104 

211.9 
215.2 
218.6 
222.0 
225.4 

197.2 
200.5 
203.9 
207.3 
210.7 

1.419 
1.397 
1.375 
1.354 
1.334 

0.7048 
.7159 
.7270 
.7384 
.7498 

155.2 
156.4 
157.6 
158.7 
159.9 

633.0 
633.1 
633.2 
633.3 
633.4 

477.8 
476.7 
475.6 
474.6 
473.5 

0.3166 
.3187 
.3207 
.3228 
.3248 

1 . 1705 
.1691 
.1677 
.1663 
.1649 

1 

1 
1 
1 
1 

105 

106 
107 
108 
109 

228.9 
232.5 
236.0 
239.7 
243.3 

214.2 
217.8 
221.3 
225.0 
228.6 

1.313 
1.293 
1.274 
1.254 
1.235 

0.7615 
.7732 
.7852 
.7972 
.8095 

161.1 
162.3 
163.5 
164.6 
165.8 

633.4 
633.5 
633.6 
633.6 
633.7 

472.3 
471.2 
470.1 
469.0 
467.9 

0.3269 
.3289 
.3310 
.3330 

.    3351 

1 . 1635 
.1621 
.1607 
.1593 
.1580 

1 

1 

It 
H 
K 

110 

111 
112 
113 
114 

247.0 
250.8 
254.5 
258.4 
262.2 

232.3 
236.1 
239.8 
243.7 
247.5 

1.217 
1.198 
1.180 
1.163 
1.145 

0.8219 
.8344 
.8471 
.8600 
.8730 

167.0 
168.2 
169.4 
170.6 
171.8 

633.7 
633.8 
633.8 
633.9 
633.9 

466.7 
465.6 
464.4 
463.3 
462.1 

0.3372 
.3392 
.3413 
.3433 
.3453 

1 . 1566 
.1552 
.1538 
.1524 
.1510 

l: 

i: 
n 
11 
11 

116 

116 
117 
118 
119 

266.2 
270.1 
274.1 
278.2 
282.3 

251.5 
255.4 
2.59.4 
263.5 
267.6 

1.128 
1.112 
1 .  095 
1.079 
1.063 

0.8862 
.8996 
.9132 
.9269 
.9408 

173.0 
174.2 
175.4 
176.6 
177.8 

633.9 
634.0 
634.0 
634.0 
634.0 

460.9 
459.8 
458.6 
457.4 
456.2 

0.3474 
.3495 
.3515 
.  3.535 
.3556 

1 . 1497 
.1483 
.1469 
.1455 
.1441 

11 

11 
11 
11 

11 

ISO 

121 
122 
123 
124 

286.4 
290.6 
294.8 
299.1 
303.4 

271.7 
275.9 
280.1 
284.4 
288.7 

1.047 
;.032 
1.017 
1.002 
0.987 

0.9549 
.9692 
.9837 
.9983 

1.0132 

179.0 
180.2 
181.4 
182.6 
183.9 

634.0 
634.0 
634.0 
634.0 
634.0 

455.0 
453 . 8 
452.6 
451.4 
450.1 

0.3576 
.  3.i97 
.3618 
.3638 
.3659 

1 . 1427 
.1414 
.1400 
.1386 
.1372 

IS 

IS 
12 
12 
12 

1S6 

307.8 

293.1 

0.973 

1.028 

185.1 

634.0 

448.9 

0.3679 

1 . 1358 

12 
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TABLE  55a 
Saturated  Ammonia:    Absolute  Pressure  Table 


Volume 

Density 

Heat  Content 

Latent 
Heat, 

Entropy 

P  sure 

Pressure 

1  iSO- 

Temper- 

of 

of 

Liquid, 

Vapor, 

Liquid, 

Evap., 

Vapor, 

(Abso- 

e) 

ature, 

Vapor, 

Vapor, 

B  t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

lute), 

I  nds 

Degrees 

Feet' 

Pounds 

per 

per 

per 

per 

per 

Pounds 

2r 

F. 

per 

per 

pound 

pound 

per 
Pound 

pound    1  pound 

pound 

per 

;h2 

Pound 

Foot' 
1 
V 

deg.  F. 

deg.  F. 

deg.  F. 

Inch2 

) 

t 

V 

h 

H 

L 

8 

L 
f 

S 

P 

.0 

-63.11 

49.31 

0.02029 

-24.5 

588.3 

612.8 

-0.0599 

1 . 5456 

1.4857 

5.0 

.5 

-60.27 

45.11 

.02217 

-21.5 

589.5 

611.0 

-    .0524 

.5301 

.4777 

5. 5 

.0 

-57.64 

41.59 

.02405 

-18.7 

590.6 

609.3 

-    .0455 

.5158 

.4703 

6.0 

.5 

—55. 18 

38.-59 

.02591 

-16.1 

591.6 

607.7 

-    .0390 

.5026 

.4636 

6.5 

.0 

-52.88 

36.01 

.02777 

-13.7 

592.5 

606.2 

-    .0330 

.4904 

.4574 

7.0 

.6 

-50.70 

33.77 

0.02962 

-11.3 

593.4 

604.7 

-0.0274 

1.4790 

1.4516 

7.6 

.0 

-48.64 

31.79 

.03146 

-  9.2 

594.2 

603.4 

-    .0221 

.4683 

.4462 

8.0 

.5 

-46.09 

30.04 

. 03329 

-  7.1 

595.0 

602,1 

-    .0171 

.4582 

.4411 

8.5 

1.0 

-44.83 

28.48 

.03511 

-   5.1 

595.7 

600.8 

-    .0123 

.4486 

.4363 

9.0 

.5 

-43.05 

27.08 

.03693 

-  3.2 

596.4 

599.6 

-    .0077 

.4396 

.4319 

9.5 

).0 

-41.34 

25.81 

0.03874 

-   1.4 

597.1 

598.5 

-0.0034 

1.4310 

1.4276 

10.0 

1.5 

-39.71 

24.66 

.04055 

+  0.3 

597.7 

597.4 

+    .0007 

.4228 

.4235 

10.5 

.0 

-38.14 

23.61 

.04235 

2.0 

598.3 

596.3 

.0047 

.4149 

.4196 

11.0 

-  .5 

-36.62 

22 .  65 

.04414 

3.6 

598.9 

595.3 

.0085 

.4074 

.4159 

11.5 

;.0 

-35.16 

21.77 

.04593 

5.1 

599.4 

594.3 

.0122 

.4002 

.4124 

12.0 

2.6 

-33.74 

20.96 

0.04772 

6.7 

600.0 

593.3 

0.0157 

1.3933 

1.4090 

12.6 

i.O 

-32.37 

20.20 

. 04950 

8.1 

600.5 

592.4 

.0191 

.3866 

.4057 

13.0 

5.5 

-31.05 

19.50 

.05128 

9.6 

601.0 

591.4 

.0225 

.3801 

.4026 

13.5 

t.O 

-29.76 

18.85 

. 05305 

10.9 

601.4 

590.5 

.0257 

.3739 

.3996 

14.0 

1.5 

-28.51 

18.24 

.05482 

12.2 

601.9 

589.7 

.0288 

.3679 

.3967 

14.5 

3.0 

-27.29 

17.67 

0.05658 

13.6 

602.4 

588.8 

0.0318 

1.3620 

1.3938 

15.0 

5.5 

-26.11 

17.14 

.0.5834 

14.8 

602.8 

588.0 

.0347 

.3564 

.3911 

15.5 

3.0 

-24.95 

16.64 

.06010 

16.0 

603.2 

587.2 

.0375 

.3510 

.3885 

16.0 

5.5 

-23.83 

16.17 

.06186 

17.2 

603.6 

586.4 

.0403 

.3456 

.3859 

16.5 

r.o 

-22.73 

15.72 

.06361 

18.4 

604.0 

585.6 

.0430 

.3405 

.3835 

17.0 

7.6 

-21.66 

15.30 

0.06535 

19.6 

604.4 

584.8 

0.04,56 

1.3354 

1.3810 

17.5 

SO 

-20.61 

14.90 

.06710 

20.7 

604.8 

584.1 

.0482 

.3305 

.3787 

18.0 

S.5 

-19.59 

14.. 53 

. 06884 

21.8 

605 . 1 

583.3 

.0507 

.3258 

.3765 

18.5 

9.0 

-18.58 

14.17 

.07058 

22.9 

605.5 

582.6 

.0531 

.3211 

.3742 

19.0 

9.5 

-17.60 

13.83 

.07232 

23.9 

605.8 

581.9 

.0555 

.3166 

.3721 

19.5 

0.0 

-16.64 

13.50 

0.07405 

25.0 

606.2 

581.2 

0.0578 

1.3122 

1.3700 

20.0 

0.5 

-15.70 

13.20 

.07578 

26.0 

606.5 

580.5 

.0601 

.3078 

.3679 

20.5 

1.0 

-14.78 

12.90 

.07751 

27.0 

606.8 

579.8 

.0623 

.3036 

.3659 

21.0 

1.5 

-13.87 

12.62 

.07924 

27.9 

607.1 

579.2 

.0645 

.2995 

.3640 

21.5 

2.0 

-12.98 

12.35 

.08096 

28.9 

607.4 

578.5 

.0666 

.2955 

.3621 

22.0 

2.6 

-12.11 

12.09 

0.08268 

29.8 

607.7 

577.9 

0.0687 

1.2915 

1.3602 

22.5 

3.0 

-11.25 

11.85 

.08440 

30.8 

608.1 

577.3 

.0708 

.2876 

.  3.584 

23.0 

3.5 

-10.41 

11.61 

.08612 

31.7 

608.3 

576.6 

.0728 

.2838 

.3566 

23.5 

.4.0 

-  9.58 

11.39 

.08783 

32.6 

608.6 

576.0 

.0748 

.2801 

.3549 

24.0 

;4.5 

-  8.76 

11.17 

.08955 

33.5 

608.9 

575.4 

.0768 

.2764 

.3532 

24.5 

16.0 

-  7.96 

10.96 

0.09126 

34.3 

609.1 

574.8 

0.0787 

1.2728 

1.3515 

25.0 

.'5.5 

-7.17 

10.76 

.09297 

35 . 2 

609.4 

574.2 

.0805 

.2693 

.3498 

25.5 

i6.0 

-  6.39 

10.56 

.09468 

36.0 

609.7 

573.7 

.0824 

.2658 

.3482 

26.0 

-•6.5 

-  5.63 

10.38 

.09638 

36.8 

609.9 

573.1 

.0842 

.2625 

.3467 

26.5 

27.0 

-  4.87 

10.20 

.09809 

37.7 

610.2 

572.5 

.0860 

.2591 

.3451 

27.0 

27.6 

-  4.13 

10.02 

0.09970 

38.4 

610.4 

572.0 

0.0878 

1.2.5.58 

1.3436 

27.5 

28.0 

-  3.40 

9 . 8.53 

.  1015 

39.3 

610.7 

571.4 

.0895 

.2526 

.3421 

28.0 

28.5 

-  2.68 

9.691 

.1032 

40.0 

610.9 

570.9 

.0912 

.2494 

.3406 

28.5 

29.0 

-   1.97 

9.534 

.1049 

40.8 

611.1 

570.3 

.0929 

.2463 

.3392 

29.0 

29.5 

-   1.27 

9.383 

.1066 

41.6 

611.4 

569.8 

.0945 

.2433 

.3378 

29.5 

80.0 

-  0.57 

9.236 

0.1083 

42.3 

611.6 

569.3 

0.0962 

1.2402 

1.3364 

30.0 
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Volume 

Density 

Heat  Content 

Latent 
Heat, 
B.t.u. 

Entropy 

Pressure 

Pressure 

(Abso- 

Temper- 

of 

of 

Liquid, 

Vapor, 

Liquid, 

Evap., 

Vapor, 

(Abso- 

lute) 

ature, 

Vapor, 

Vapor, 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

lute), 

Pounds 

Degrees 

Feet» 

Pounds 

per 

per 

per 

per 

per 

Pounds 

per 

F. 

per 

per 

pound 

pound 

per 
Pound 

pound 

pound 

pound 

per 

Inch2 

Pound 

Foot' 
1 
V 

deg.F. 

deg.  F. 
L 
T 

deg.  F. 

Inch2 

P 

t 

V 

h 

II 

L 

s 

•s 

P 

30 

-0.57 

9.236 

0.1083 

42.3 

611.6 

569.3 

0.0962 

1.2402 

1.3364 

za 

31 

+  0.79 

8.955 

.1117 

43.8 

612.0 

568.2 

.0993 

.2343 

.3336 

31 

32 

2.11 

8.693 

.1150 

45.2 

612.4 

567.2 

.1024 

.2286 

.3310 

32 

33 

3.40 

8.445 

.1184 

46.6 

612.8 

566.2 

.1055 

.2230 

.3285 

33 

34 

4.66 

8.211 

.1218 

48.0 

613.2 

565.2 

.1084 

.2176 

.3260 

34 

35 

5.89 

7.991 

0.1251 

49.3 

613.6 

564.3 

0.1113 

1.2123 

1 . 3236 

35 

36 

7.09 

7.782 

.1285 

50.6 

614.0 

563.4 

.1141 

.2072 

.3213 

36 

37 

8.27 

7.584 

.1319 

51.9 

614.3 

562.4 

.1168 

.2022 

.3190 

37 

38 

9.42 

7.396 

.1352 

53.2 

614.7 

561.5 

.1195 

.1973 

.3168 

38 

39 

10.55 

7.217 

.1386 

54.4 

615.0 

560.6 

.1221 

.1925 

.3146 

39 

40 

11.66 

7.047 

0.1419 

55.6 

615.4 

559.8 

0.1246 

1.1879 

1.3125 

40 

41 

12.74 

6.885 

.  1452 

56.8 

615.7 

558.9 

.1271 

.1833 

.3104 

41 

42 

13.81 

6.731 

.1486 

57.9 

616.0 

558.1 

.1296 

.1788 

.3084 

42 

43 

14.85 

6.583 

.1519 

59.1 

616.3 

557.2 

.1320 

.1745 

.3065 

43 

44 

15.88 

6.442 

.1552 

60.2 

616.6 

556.4 

.1343 

.1703 

.3046 

44 

45 

16.88 

6.307 

0.1586 

61.3 

616.9 

555.6 

0.1366 

1.1661 

1.3027 

45 

46 

17.87 

6.177 

.1619 

62.4 

617.2 

554.8 

.1389 

.1620 

.3009 

46 

47 

18.84 

6.053 

.1652 

63.4 

617.4 

554.0 

.1411 

.1580 

.2991 

47 

48 

19.80 

5.934 

.1685 

64.5 

617.7 

553.2 

.1433 

.1540 

.2973 

48 

49 

20.74 

5.820 

.1718 

65.5 

618.0 

552.5 

.1454 

.1502 

.2956 

49 

60 

21.67 

5.710 

0.1751 

66.5 

618.2 

551.7 

0.1475 

1.1464 

1.2939 

60 

51 

22.58 

5.604 

.  1785 

67.5 

618.5 

551.0 

.1496 

.1427 

.2923 

51 

52 

23.48 

5.502 

.1818 

68.5 

618.7 

550.2 

.1516 

.1390 

.2906 

52 

53 

24.36 

5.404 

.1851 

69.5 

619.0 

549 . 5 

.1,536 

.1354 

.2890 

53 

54 

25.23 

5.309 

.1884 

70.4 

619.2 

548.8 

.  1556 

.1319 

.2875 

54 

55 

26.09 

5.218 

0.1917 

71.4 

619.4 

548.0 

0.1575 

1.1284 

1.2859 

66 

56 

26.94 

5.129 

.  1950 

72.3 

619.7 

547.4 

.1594 

.1250 

.2844 

56 

57 

27.77 

5.044 

.1983 

73.3 

619.9 

546.6 

.1613 

.1217 

.2830 

57 

58 

28.59 

4.962 

.2015 

74.2 

620.1 

545.9 

.1631 

.1184 

.2815 

58 

59 

29.41 

4.882 

.2048 

75.0 

620.3 

545.3 

.1650 

.1151 

.2801 

59 

60 

30.21 

4 .  805 

0.2081 

75.9 

620.5 

544 . 6 

0.1668 

1.1119 

1.2787 

60 

61 

31.00 

4.730 

.2114 

76.8 

620.7 

543.9 

.  1685 

■  loss 

.2773 

61 

62 

31.78 

4.658 

.2147 

77.7 

620.9 

543.2 

.1703 

.1056 

.2759 

62 

63 

32.55 

4.588 

.2180 

78.5 

621.1 

542.6 

.1720 

.1026 

.2746 

63 

64 

33.31 

4.519 

.2213 

79.4 

621.3 

541.9 

.1737 

.0996 

.2733 

64 

65 

34.06 

4.453 

0.2245 

80.2 

621.5 

541.3 

0.1754 

1 . 0966 

1.2720 

65 

66 

34.81 

4.389 

.2278 

81.0 

621.7 

510.7 

.1770 

.0937 

.2707 

66 

67 

35 .  54 

4.327 

.2311 

81.8 

621.9 

540.1 

.1787 

.0907 

.2694 

67 

78 

36.27 

4.267 

.2344 

82.6 

622.0 

539.4 

.1803 

.0879 

.2682 

68 

69 

36.99 

4.208 

.2377 

83.4 

622.2 

538.8 

.1819 

.0851 

.2670 

69 

70 

37.70 

4.151 

0.2409 

84.2 

622.4 

533 . 2 

0.1835 

1 . 0823 

1 . 2658 

70 

71 

38.40 

4.095 

.2442 

85.0 

622.0 

537 . 6 

.1850 

.0795 

.2645 

71 

72 

39.09 

4.041 

.2475 

85.8 

622.8 

537.0 

.1866 

.0768 

.2634 

72 

73 

39.78 

3.988 

.  2507 

86.5 

622.9 

536.4 

.1881 

.0741 

.2622 

73 

74 

40.46 

3.937 

.2540 

87.3 

623.1 

535.8 

.1896 

.0715 

.2611 

74 

75 

41.13 

3.887 

0.2573 

88.0 

623.2 

535.2 

0.1910 

1.0689 

1.2599 

75 

76 

41.80 

3.838 

.2606 

88.8 

623.4 

531.6 

.1925 

.  0663 

.2588 

76 

77 

42.46 

3.790 

.2638 

89.5 

623.5 

534.0 

.1940 

.0637 

.2577 

77 

78 

43.11 

3.744 

.2671 

90.2 

623.7 

533 . 5 

.1954 

.0612 

.2566 

78 

79 

43.76 

3.699 

.2704 

90.9 

623.8 

532.9 

.1968 

.0587 

.2555 

79 

80 

44.40 

3.655 

0.2736 

91.7 

624.0 

532.3 

0.1982 

1.0563 

1.2545 

80 
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Volume 

Density 

Heat  Content 

Latent 
Heat, 
B.t.u. 

Entropy 

Pressure 

Pressure 

(Abso- 

Temper- 

, of 

of 

Liquid, 

Vapor, 

Liquid, 

Evap., 

Vapor, 

(Abso- 

lute) 

ature, 

Vapor, 

Vapor, 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

lute), 

Pounds 

Degrees 

Feeta 

Pounds 

per 

per 

per 

per 

per 

Pounds 

per 

F. 

per 

per 

pound 

pound 

per 
Pound 

pound 

pound 

pound 

per 

Inch* 

Pound 

Foots 

deg.  F. 

deg.  F. 
L 
T 

deg.  F. 

Inch2 

P 

t 

V 

1 
V 

h 

II 

L 

s 

S 

P 

89 

44.40 

3.655 

0.2736 

91.7 

624.0 

532.3 

0.1982 

1.0563 

1.2545 

80 

81 

45.03 

3.612 

.2769 

92.4 

624.1 

531.7 

.1996 

.0538 

.2534 

81 

82 

45.66 

3.570 

.2801 

93.1 

624.3 

531.2 

.2010 

.0514 

.2524 

82 

83 

46.28 

3.528 

.2834 

93.8 

624.4 

530.6 

.2024 

.0490 

.2514 

83 

81 

46.89 

3.488 

.2867 

94.5 

624.6 

530.1 

.2037 

.0467 

.2504 

84 

85 

47.50 

3.449 

0.2899 

95.1 

624.7 

529.6 

0.2051 

1 . 0443 

1.2494 

86 

86 

48.11 

3.411 

.2932 

95.8 

624.8 

529.0 

.2064 

.0420 

.2484 

86 

87 

48.71 

3.373 

.2964 

96.5 

625.0 

528.5 

.2077 

.0397 

.2474 

87 

88 

49.30 

3.337 

.2997 

97.2 

625.1 

527.9 

.2090 

.0375 

.2465 

88 

89 

49.89 

3.301 

.3030 

97.8 

625.2 

527.4 

.2103 

.0352 

.2455 

89 

90 

50.47 

3.266 

0.3062 

98.4 

625.3 

526.9 

0.2115 

1.0330 

1.2445 

90 

91 

51.05 

3.231 

.3095 

99.1 

625.5 

526.4 

.2128 

.0308 

.2436 

91 

92 

51.62 

3.198 

.3127 

99.8 

625.6 

525.8 

.2141 

.  0286 

.2427 

92 

93 

52.19 

3.165 

.3160 

100.4 

625.7 

525.3 

.2153 

.0265 

.2418 

93 

94 

52.76 

3.132 

.3192 

101.0 

625.8 

524.8 

.2165 

.0243 

.2408 

94 

95 

53.32 

3.101 

0.3225 

101.6 

625.9 

524.3 

0.2177 

1.0222 

1 . 2399 

95 

96 

53.87 

3.070 

.3258 

102.3 

626.1 

523.8 

.2190 

.0201 

.2391 

96 

97 

54.42 

3.039 

.3290 

102.9 

626.2 

523.3 

.2201 

.0181 

.2382 

97 

98 

54.97 

3.010 

.3323 

103.5 

626.3 

522.8 

.2213 

.0160 

.2373 

98 

99 

55.  51 

2.980 

.3355 

104.1 

626.4 

522.3 

.2225 

.0140 

.2365 

99 

100 

56.05 

2.952 

0.3388 

104.7 

626.5 

521.8 

0.2237 

1.0119 

1.2356 

100 

102 

57.11 

2.896 

.34.53 

105.9 

626.7 

520.8 

.2260 

.0079 

.2339 

102 

104 

58.16 

2 .  843 

.3518 

107.1 

626.9 

519.8 

.2282 

.0041 

.2323 

104 

106 

59.19 

2.791 

.3583 

108.3 

627.1 

518.8 

.2305 

1.0002 

.2307 

106 

108 

60.21 

2.741 

.3648 

109.4 

627.3 

517.9 

.2327 

0.9964 

.2291 

108 

110 

61.21 

2.693 

0.3713 

110.5 

627.5 

517.0 

0.2348 

0.9927 

1.2275 

110 

112 

62.20 

2.647 

.3778 

111.7 

627.7 

516.0 

.2369 

.  9890 

.2259 

112 

114 

63.17 

2.602 

.3843 

112.8 

627.9 

515.1 

.2390 

.9854 

.2244 

114 

116 

64.13 

2 . 5.39 

.3909 

113.9 

628.1 

514.2 

.2411 

.9819 

.2230 

116 

118 

65.08 

2.517 

.3974 

114.9 

628.2 

513.3 

.2431 

.9784 

.2215 

118 

120 

66.02 

2.476 

0 . 4039 

116.0 

628.4 

512.4 

0.2452 

0.9749 

1.2201 

120 

122 

66.94 

2.437 

.4104 

117.1 

628.6 

511.5 

.2471 

.9715 

.2186 

122 

124 

67.86 

2.399 

.4169 

118.1 

628.7 

510.6 

.2491 

.9682 

.2173 

124 

126 

68.76 

2.362 

.4234 

119.1 

628.9 

509.8 

.2510 

.  9649 

.2159 

126 

128 

69.65 

2.326 

.4299 

120.1 

629.0 

508.9 

.2529 

.9616 

.2145 

128 

130 

70.53 

2,291 

0.4364 

121.1 

629.2 

508.1 

0.2548 

0.9584 

1.2132 

130 

132 

71.40 

2.258 

.4429 

122.1 

629.3 

507.2 

.2567 

.9552 

.2119 

132 

134 

72.26 

2.225 

.4494 

123.1 

629.5 

506.4 

.2585 

.9521 

.2106 

134 

136 

73.11 

2.193 

.4559 

124.1 

629.6 

505 . 5 

.2603 

.9490 

.  2093 

136 

138 

73.95 

2.162 

.4624 

125.1 

629.8 

504.7 

.2621 

.9460 

.2081 

138 

140 

74.79 

2 .  132 

0.4690 

126.0 

629.9 

503 . 9 

0.2638 

0.9430 

1.2068 

140 

142 

75.61 

2.103 

.4755 

126.9 

630.0 

503 . 1 

.2656 

.9400 

.  2056 

142 

144 

76.42 

2 .  075 

.4820 

127.9 

630.2 

502 . 3 

.  2673 

.9371 

.2044 

144 

146 

77.23 

2.047 

.4885 

128.8 

630.3 

501.5 

.2690 

.9342 

.  2032 

146 

148 

78.03 

2.020 

.4951 

129.7 

630.4 

500.7 

.2707 

.9313 

.2020 

148 

150 

78.81 

1.994 

0.5016 

130.6 

630.5 

499.9 

0.2724 

0.9285 

1.2009 

150 
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Volume 

Density 

Heat  Content 

Latent 
Heat, 
B.t.u. 

Entropy 

Pressure 

Pressure 

(Abso- 

Temper- 

of 

of 

Liquid, 

Vapor, 

Liquid, 

Evap., 

Vapor, 

(Abso- 

lute) 

ature, 

Vapor, 

Vapor, 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

lute), 

Pounds 

Degrees 

P'eets 

Pounds 

per 

per 

per 

per 

per 

Pounds 

per 

F. 

per 

per 

pound 

pound 

per 
Pound 

pound 

pound 

pound 

per 

Inch2 

Pound 

Foots 

deg.  F. 

deg.  F. 
L 
T 

deg.  F. 

Inch2 

P 

( 

V 

1 

V 

/( 

H 

L 

s 

S 

P 

150 

78.81 

1.994 

0.5016 

130.6 

630.5 

499.9 

0.2724 

0.9285 

1.2009 

150 

152 

79.60 

1.968 

.5081 

131.5 

630.6 

499 . 1 

.2740 

.9257 

.1997 

152 

154 

80.37 

1.943 

.5147 

132.4 

630.7 

498.3 

.2756 

.9229 

.1985 

154 

156 

81.13 

1.919 

.5212 

133.3 

630.9 

497.6 

.2772 

.9202 

.1974 

156 

158 

81.89 

1.895 

.5277 

134.2 

631.0 

496.8 

.2788 

.9175 

.1963 

158 

160 

82.64 

1.872 

0.5343 

135.0 

631.1 

496.1 

0.2804 

0.9148 

1 .  19.52 

160 

162 

83.39 

1.849 

.5408 

135.9 

631.2 

495.3 

.2820 

.9122 

.1942 

162 

164 

84.12 

1.827 

.5473 

136.8 

631.3 

494.5 

.2835 

.9096 

.1931 

164 

166 

84 .  85 

1.805 

.5539 

137.6 

631.4 

493.8 

.2850 

.9070 

.1920 

166 

168 

85.57 

1.784 

.5604 

138.4 

631.5 

493.1 

.2866 

.9044 

.1910 

168 

170 

86.29 

1.764 

0.5670 

139.3 

631.6 

492.3 

0.2881 

0.9019 

1 . 1900 

170 

172 

87.00 

1.744 

.5735 

140.1 

631.7 

491.6 

.2895 

.8994 

.1889 

172 

174 

87.71 

1.724 

.5801 

140.9 

631.7 

490.8 

.2910 

.8969 

.1879 

174 

176 

88.40 

1.705 

.5866 

141.7 

631.8 

490.1 

.2925 

.8944 

.1869 

176 

178 

89.10 

1.686 

.5932 

142.5 

631.9 

489.4 

.2939 

.8920 

.1859 

178 

180 

89.78 

1.667 

0 . 5998 

143.3 

632.0 

488.7 

0.2954 

0.8896 

1.1850 

180 

182 

90.46 

1.649 

.6063 

144.1 

632.1 

488.0 

.2968 

.8872 

.1840 

182 

184 

91.14 

1.632 

.6129 

144.8 

632.1 

487.3 

.2982 

.8848 

.1830 

184 

186 

91.80 

1.614 

.6195 

145.6 

632.2 

486.6 

.2996 

.8825 

.1821 

186 

188 

92.47 

1.597 

.6261 

146.4 

632.3 

485.9 

.3010 

.8801 

.1811 

188 

190 

93.13 

1.581 

0.6326 

147.2 

632.4 

485.2 

0.3024 

0.8778 

1 . 1802 

190 

192 

93.78 

1 .  564 

.  6392 

147.9 

632.4 

484.5 

.3037 

.8755 

.1792 

192 

194 

94 .  43 

1.548 

.64.58 

148.7 

632.5 

483.8 

.3050 

.8733 

.1783 

194 

196 

95.07 

1.533 

.6524 

149.5 

632.6 

483.1 

.3064 

.8710 

.1774 

196 

198 

95.71 

1.517 

.6590 

150.2 

632.6 

482.4 

.3077 

.8688 

.1765 

198 

200 

96.34 

1.502 

0.6656 

150.9 

632.7 

481.8 

0.3090 

0.8666 

1.1756 

200 

205 

97.90 

1.466 

.6821 

152.7 

632.8 

480.1 

.3122 

.8612 

.1734 

205 

210 

99.43 

1.431 

.6986 

154.6 

633.0 

478.4 

.3154 

.8559 

.1713 

210 

215 

100.94 

1.398 

.7152 

156.3 

633.1 

476.8 

.3185 

.8507 

.1692 

215 

220 

102.42 

1.367 

.7318 

158.0 

633.2 

475.2 

.3216 

.8455 

.1671 

220 

226 

103.87 

1.336 

0.7484 

159.7 

633.3 

473.6 

0.3246 

0.8405 

1.1651 

225 

230 

105.30 

1.307 

.7650 

161.4 

633.4 

472.0 

.3275 

.8356 

.1631 

230 

235 

106.71 

1.279 

.7817 

163.1 

633.5 

470.4 

.3304 

.8307 

.1611 

235 

240 

108.09 

1.253 

.7984 

164.7 

633.6 

468.9 

.3332 

.8260 

.1592 

240 

245 

109.46 

1.227 

.8151 

166.4 

633.7 

467.3 

.3360 

.8213 

.1573 

245 

250 

110.80 

1.202 

0.8319 

168.0 

633.8 

465.8 

0.3388 

0.8167 

1.1555 

250 

255 

112.12 

1.178 

.8487 

169.5 

6.33 . 8 

464.3 

.3415 

.8121 

.1536 

255 

260 

113.42 

1.155 

.  8655 

171.1 

633.9 

462.8 

.3441 

.8077 

.1518 

260 

265 

114.71 

1.133 

.8824 

172.6 

633.9 

461.3 

.3468 

.8033 

.1501 

265 

270 

115.97 

1.112 

.8993 

174.1 

633.9 

459.8 

.3494 

.7989 

.1483 

270 

275 

117.22 

1.091 

0.9162 

175.6 

634.0 

458.4 

0.3519 

0.7947 

1.1466 

275 

280 

118.45 

1.072 

.9332 

177.1 

634.0 

456.9 

.3545 

.7904 

.1449 

280 

285 

119.66 

1.052 

.9502 

178.6 

634.0 

455.4 

.3569 

.7863 

.1432 

285 

290 

120.86 

1.034 

.9672 

180.0 

634.0 

454.0 

.3594 

.7821 

.1415 

290 

295 

122.05 

1.016 

.9843 

181.5 

634.0 

452.5 

.3618 

.7781 

.1399 

295 

300 

123.21 

0.999 

1.0015 

182.9 

634.0 

451.1 

0.3642 

0.7741 

1 . 1383 

300 

TABLES   AND   CHARTS 


233 


TABLE  556 

Properties  of  Superheated  Ammonia 

Pressures  Are  Pounds  per  Square  Inches  Absolute 


Temper- 
ature, 

- 

-u 

10 

.34  Deyrees 

Temper- 
ature, 
Degrees 

15 

—  27.29  Degrees 

Temper- 
ature, 
Degrees 

20 

— 16.64  Degrees 

Degrees 

F. 

V 

H 

S 

F. 

V 

// 

S 

F. 

V 

H 

S 

Saturation 

25. 

81 

697.1 

1.4276 

Saturation 

17.67 

602.4 

1.3938 

Saturation 

13.50 

606.2 

1.3700 

-30 

26 

58 

603.2 

1.4420 

-20 

18.01 

606.4 

1.4031 

-10 

13.74 

610.0 

1.3784 

-•20 

27 

26 

608.5 

.4542 

-10 

18.47 

611.9 

.4154 

-10 

27 

92 

613.7 

.4659 

0 

14.09 

615.5 

1.3907 

0 

18.92 

617.2 

1.4272 

10 

14.44 

621.0 

.4025 

0 

28 

58 

618.9 

1.4773 

10 

19.37 

622.5 

.4386 

20 

14.78 

626.4 

.4138 

10 

29 

24 

624.0 

.4884 

20 

19.82 

627.8 

.4497 

30 

15.11 

631.7 

.4248 

20 

29 

90 

629.1 

.4992 

30 

20.26 

633.0 

.4604 

40 

15.45 

637.0 

.4356 

30 

30 

55 

634.2 

.  5097 

40 

20.70 

638.2 

.4709 

40 

31 

20 

639.3 

.5200 

60 

15.78 

642.3 

1.4460 

50 

21.14 

643.4 

1.4812 

60 

16.12 

647.5 

.4562 

60 

31 

85 

644.4 

1.5301 

60 

21.58 

648.5 

.4912 

70 

16.45 

652.8 

.4662 

60 

32 

49 

649.5 

.5400 

70 

22.01 

653.7 

.5011 

80 

16.78 

658.0 

.4760 

70 

33 

14 

654.6 

.5497 

80 

22.44 

6.58.9 

.5108 

90 

17.10 

663.2 

.4856 

80 

33 

78 

659.7 

.5593 

90 

22.88 

664.0 

.5203 

90 

34 

42 

664.8 

.5687 

100 

17.43 

668.5 

1.4950 

100 

23.31 

669.2 

1 . 5296 

110 

17.76 

673.7 

.5042 

100 

35 

07 

670.0 

1.5779 

110 

23.74 

674.4 

.5388 

120 

18.08 

678.9 

.5133 

110 

35 

71 

675.1 

.5870 

120 

24.17 

679.6 

.5478 

130 

18.41 

684.2 

.5223 

120 

36 

35 

680.3 

.5960 

130 

24.60 

684.8 

.5.567 

140 

18.73 

689.4 

.5312 

130 

36 

99 

685. 4 

.6049 

140 

25.03 

690.0 

.5655 

140 

37 

62 

690.6 

.6136 

150 

19.05 

694.7 

1 . 5399 

150 

25.46 

695.3 

1.5742 

160 

19.37 

700.0 

.5485 

150 

38 

26 

695.8 

1.6222 

160 

25.88 

700.5 

.5827 

170 

19.70 

705.3 

.5569 

100 

38 

90 

701.1 

.6307 

170 

26.31 

705.8 

.5911 

180 

20.02 

710.6 

.5653 

170 

39 

54 

706.3 

.6391 

180 

26.74 

711.1 

.5995 

190 

20.34 

715.9 

.5736 

180 

40 

17 

711.6 

.6474 

190 

27.16 

716.4 

.6077 

190 

40 

81 

716.9 

.6556 

200 

20.66 

721.2 

1.5817 

200 

27.59 

721.7 

1.6158 

220 

21.30 

732.0 

.5978 

200 

41 

45 

722.2 

1.6637 

220 

28.44 

732.4 

.6318 

240 

21.94 

742.8 

.6135 

Temper- 
ature, 
Degrees 

25 

—  7 .06  Degree? 

Temper- 
ature, 
Degrees 

30 

—  0.57  Degree 

Temper- 
ature, 
Degrees 

5 . 

35 

89  Degrees 

F. 

V 

H 

S 

F. 

V 

H 

S 

F. 

V 

H 

S 

Saturation 

10.96 

609.1 

1 .3515 

Saturation 

9.236 

611.6 

1 . 3364 

Saturation 

7.991 

613.6 

1 . 3236 

0 

11.19 

613.8 

1.3616 

10 

9.492 

617.8 

1.3497 

10 

8.078 

616.1 

1.3289 

10 

11.47 

619.4 

.3738 

20 

9.731 

623.5 

.3618 

20 

8.287 

622.0 

.3413 

20 

11.75 

625.0 

.3855 

30 

9.966 

629 . 1 

.3733 

30 

8.493 

627.7 

.3532 

30 

12.03 

630.4 

.3967 

40 

10.20 

634.6 

.3845 

40 

8.695 

633.4 

.3646 

40 

12.30 

635.8 

.4077 

50 

10.43 

640.1 

1 .  39.53 

50 

8.895 

638.9 

1.3756 

60 

12.57 

641.2 

1.4183 

60 

10.65 

645.5 

.4059 

60 

9.093 

644.4 

.3863 

60 

12.84 

646.5 

.4287 

70 

10.88 

650.9 

.4161 

70 

9.289 

649.9 

.3967 

70 

13.11 

651.8 

.4388 

80 

11.10 

6.56 . 2 

.4261 

80 

9.484 

655.3 

.4069 

80 

13.37 

657.1 

.4487 

90 

11.33 

661.6 

.43.59 

90 

9.677 

660.7 

.4168 

90 

13.64 

662.4 

.4584 

100 

11.55 

666.9 

1.44.56 

100 

9.869 

666.1 

1.4265 

100 

13.90 

667.7 

1.4679 

110 

11.77 

672.2 

.4550 

110 

10.06 

671.5 

.4360 

110 

14.17 

673.0 

.4772 

120 

11.99 

677.5 

.4642 

120 

10.25 

676.8 

.4453 

120 

14.43 

678.2 

.4864 

130 

12.21 

682.9 

.4733 

130 

10.44 

682.2 

.4545 

130 

14.69 

683.5 

.49.54 

140 

12.43 

688.2 

.4823 

140 

10.63 

687.6 

.4635 

140 

14.95 

688.8 

.5043 

150 

12.65 

693.5 

1.4911 

150 

10.82 

692.9 

1.4724 

150 

15.21 

694.1 

1.5131 

160 

12.87 

698.8 

.4998 

160 

11.00 

698 . 3 

.4811 

160 

15.47 

699.4 

.5217 

170 

13.08 

704.2 

.5083 

170 

11.19 

703.7 

.4897 

170 

15.73 

704.7 

.5303 

180 

13.30 

709.6 

.5168 

180 

11.38 

709.1 

.4982 

180 

15.99 

710.1 

.5387 

190 

13.52 

714.9 

.5251 

190 

11.56 

714.5 

.5066 

190 

16.25 

715.4 

.5470 

ZOO 

13.73 

720.3 

1.5334 

200 

11.75 

719.9 

1.5148 

200 

16.50 

720.8 

1.5552 

220 

14.16 

731.1 

.5495 

220 

12.12 

730.7 

..5311 

220 

17.02 

731.6 

.5713 

240 

14.59 

742.0 

.  5653 

240 

12.49 

741.7 

.5469 

240 

17.53 

742.5 

.5870 

260 

15.02 

753.0 

.5808 

260 

12.86 

752.7 

.  5624 

260 

18.04    753.41    .6025 

280 

15.45 

764.1     ..5960 

280 

13.23 

763.7     .5776 
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TABLE  55b— Continued 


Temper- 
ature, 

11 

40 

66  Degrees 

Temper- 
ature, 

21 

50 

67  Deg 

rees 

Temper- 
ature, 

60 

30.21  Degrees 

Degrees 

1 

Degrees 

1               1 

Degrees 

1 

F. 

V 

H 

S 

F. 

V 

H 

S 

t . 

V 

H 

S 

Saturation 

7.047 

616.4 

1.31-25 

Saturation 

6.710 

618. 2 

1 . 2939 

Saturation 

4.805 

620.5 

1.2787 

20 

7.203 

620.4 

1.3231 

30 

5.838 

623.4 

1.3046 

40 

4.933 

626.8 

1.2913 

30 

7.387 

626.3 

.3353 

40 

5.988 

629.5 

3169 

40 

7.568 

632.1 

.3470 

50 

5.060 

632.9 

1.3035 

60 

6.135 

635.4 

1 . 3286 

60 

5.184 

639  . 0 

.3152 

60 

7.746 

637.8 

1.3583 

60 

6.280 

641.2 

.3399 

70 

5.307 

644.9 

.3265 

60 

7.922 

643.4 

.3692 

70 

6.423 

646.9 

.3508 

80 

5.428 

650.7 

.3373 

70 

8.096 

648.9 

.3797 

80 

6.564 

652.6 

.3613 

90 

5.547 

656.4 

.3479 

80 

8.268 

654.4 

.3900 

90 

6.704 

658.2 

.3716 

90 

8.439 

659.9 

.4000 

100 

5 .  665 

662.1 

1.3581 

100 

6.843 

663.7 

1.3816 

no 

5.781 

667.7 

.3681 

100 

8.609 

665.3 

1.4098 

110 

6.980 

669.2 

.3914 

120 

5.897 

673.3 

.3778 

110 

8.777 

670.7 

.4194 

120 

7.117 

674.7 

.4009 

130 

6.012 

678.9 

.3873 

120 

8.945 

676.1 

.4288 

130 

7.252 

680.2 

.4103 

140 

6.126 

684.4 

.3966 

130 

9.112 

681.5 

.4381 

140 

7.387 

685.7 

4195 

140 

9.278 

686.9 

.4471 

160 

6.239 

689.9 

1.4058 

150 

7.521 

691.1 

1.4286 

160 

6.352 

695 . 5 

.4148 

160 

9.444 

692.3 

1.4561 

160 

7.655 

696.6 

.4374 

170 

6.464 

701.0 

.4236 

160 

9.609 

697.7 

.4648 

170 

7.788 

702.1 

.4462 

180 

6.576 

706.5 

.4323 

170 

9.774 

703.1 

.4735 

180 

7.921 

707.5 

.4548 

190 

6.687 

712.0 

.4409 

180 

9.938 

708.5 

.4820 

190 

8.053 

713.0 

.4633 

190 

10.10 

714.0 

.4904 

200 

6.798 

717.5 

1.4493 

200 

8.185 

718.5 

1.4716 

210 

6.909 

723.1 

.4576 

200 

10.27 

719.4 

1.49S7 

210 

8.317 

724.0 

.4799 

220 

7.019 

728.6 

.4658 

220 

10.59 

730.3 

.5150 

220 

8.448 

729.4 

.4880 

230 

7.129 

734.1 

.4739 

240 

10.92 

741.3 

.  5309 

240 

8.710 

740.5 

.5040 

240 

7.238 

739.7 

.4819 

260 

11.24 

752 . 3 

.  5465 

260 

8.970 

751.6 

.5197 

280 

11.56 

763.4 

.5617 

260 

7.457 

750.9 

1.4976 

280 

9.230 

762.7 

1 . 5350 

280 

7.675 

762.1 

.5130 

300 

11.88 

774.6 

.5766 

300 

9.489 

774.0 

.5500 

300 

7.892 

773.3 

.5281 

Temper- 
ature, 

41- 

76 

13  Degrees 

Temper- 
ature, 

56 

100 

05  Degrees 

Temper- 
ature, 

68. 

126 

31  Degrees 

Degrees 

Degrees 

Degrees 

F. 

V 

H 

S 

a . 

V 

H 

S 

F. 

V 

H 

S 

Saturation 

3.S87 

623.2 

/ . 2599 

Saturation 

2.952 

626.5 

1 . 2356 

Saturation 

2.380 

628.8 

1.2166 

60 

3.982 

629.1 

1.2715 

70 

3.068 

636.0 

1 . 2,539 

80 

2.461 

637.2 

1.2322 

60 

4.087 

635.5 

.2839 

80 

3.149 

642.6 

.2661 

90 

2 .  528 

644.0 

.2448 

70 

4.189 

641.7 

.2957 

90 

3.227 

649.0 

.2778 

80 

4.289 

647.7 

.3071 

100 

2.593 

650.7 

1.2568 

90 

4.388 

653.7 

.3180 

100 

3.304 

655.2 

1.2891 

no 

2.6,57 

657.1 

.2682 

no 

3.380 

661.3 

.2999 

120 

2.719 

663.5 

.2792 

100 

4.485 

659.6 

1.3286 

120 

3 .  454 

667.3 

.3104 

130 

2.780 

669.7 

.2899 

no 

4.. 581 

665.4 

.3389 

130 

3.527 

673.3 

.3206 

140 

2.840 

675.8 

.3002 

120 

4.676 

671.1 

.3489 

140 

3.600 

679.2 

.3305 

130 

4.770 

676.8 

.3.586 

150 

2.900 

681.8 

1.3102 

140 

4.863 

682.5 

.3682 

150 

3.672 

685.0 

1.3401 

160 

2.958 

687.8 

.3199 

160 

3.743 

690 . 8 

.3495 

170 

3.016 

693.7 

.3294 

150 

4.9.56 

688.1 

1.3775 

170 

3.813 

696.6 

.3588 

180 

3.074 

699.6 

.3387 

160 

5 .  048 

693.7 

.3866 

180 

3.883 

702.3 

.3678 

190 

3.131 

705.5 

.3478 

170 

5.139 

699.3 

.3956 

190 

3.952 

708.0 

.3767 

180 

5.230 

704.9 

.4044 

200 

3.187 

711.3 

1.3567 

190 

5.320 

710.5 

.4131 

200 

4.021 

713.7 

1.38.54 

210 

3 .  243 

717.2 

.3654 

210 

4.090 

719.4 

.3940 

220 

3.299 

723.0 

.3740 

200 

5.410 

716.1 

1.4217 

220 

4.158 

725.1 

.4024 

230 

3.354 

728.8 

.3825 

210 

5.500 

721,7 

.4301 

230 

4.226 

730.8 

.4108 

240 

3.409 

734.5 

.3908 

220 

5.589 

727.3 

.4384 

240 

4.294 

736.5 

.4190 

230 

5.678 

732.9 

.4466 

250 

3.464 

740.3 

1.3990 

240 

5.767 

738.5 

.4.546 

250 

4.361 

742.2 

1.4271 

260 

3.519 

746.1 

.4071 

260 

4.428 

747.9 

.4350 

270 

3.573 

751.9 

.4151 

250 

5.855 

744.1 

1.4625 

270 

4.495 

753.6 

.4429 

280 

3.627 

757.7 

.4230 

260 

5.943 

749.8 

.4705 

280 

4 .  .562 

7.59.4 

.4507 

290 

3.681 

763.5 

.4308 

280 

6.119 

761.1 

.4860 

290 

4.629 

765.1 

.  4584 

300 

6.294 

772.4 

.5011 

300 

3.735 

769.3 

1 . 4385 

300 

4.695 

770.8 

1.4660 

320 

3.842 

780.9 

.4536 

ETHYL  CHLORIDE 
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Temper- 
ature, 

78. 

153 

SI  Deyrees 

Temper- 
ature, 

96. 

200 

54  Degrees 

Temper- 
ature, 
Degrees 

110 

2sa 

.80  Deo 

rees 

Degrees 

1 

Degrees 

F. 

V 

H 

S 

F. 

V 

H 

S 

F. 

V 

H 

S 

Saturation 

1.994 

630.5 

1 . 2009 

Saturation 

1.60-2 

632.7 

1 . 1 756 

Saturation 

1.202 

633. 8 

1.1665 

90 

2.061 

638.8 

1.2161 

110 

1.567 

643.4 

1.1947 

120 

1.240 

641.5 

1.1690 

120 

1.612 

650.9 

.2077 

130 

1.278 

649.6 

.1827 

100 

2.118 

645.9 

1.2289 

130 

1.656 

658.1 

.2200 

140 

1.316 

657.2 

.1956 

no 

2.174 

652.8 

.2410 

140 

1.698 

665.0 

.2317 

120 

2.228 

659 . 4 

.2526 

150 

1.352 

664.6 

1.2078 

130 

2.281 

665.9 

.2638 

150 

1.740 

671.8 

1.2429 

160 

1.386 

671.8 

.2195 

140 

2.334 

672.3 

.2745 

160 

1.780 

678.4 

.2537 

170 

1.420 

678.7 

.2306 

170 

1.820 

684.9 

.2641 

ISO 

1.453 

685. 5 

.2414 

150 

2.385 

678.6 

1.2849 

180 

1.859 

691.3 

.2742 

190 

1.486 

692.2 

.2517 

160 

2.435 

684.8 

.  2949 

190 

1.897 

697.7 

.2840 

170 

2.485 

690.9 

.3047 

200 

1.518 

698.8 

1.2617 

180 

2 .  534 

696 . 9 

.3142 

200 

1.935 

703.9 

1.2935 

210 

1.549 

705.3 

.2715 

190 

2.583 

702.9 

.3236 

210 

1.972 

710.1 

.3029 

220 

1.580 

711.7 

.2810 

220 

2.009 

716.3 

.3120 

230 

1.610 

718.0 

.2902 

200 

2.631 

708.9 

1.3327 

230 

2.046 

722.4 

.3209 

240 

1.640 

724.3 

.2993 

210 

2.679 

714.8 

.3416 

240 

2.082 

728.4 

.3296 

220 

2.726 

720.7 

.3.504 

250 

1.670 

730.5 

1.3081 

230 

2.773 

726.6 

.3590 

250 

2.118 

734.5 

1.3382 

260 

1.699 

736.7 

.3168 

240 

2.820 

732.5 

.3675 

260 

2.154 

740.5 

.3467 

270 

1.729 

742.9 

.3253 

270 

2.189 

746.5 

.3550 

280 

1.758 

749.1 

.3337 

250 

2.866 

738.4 

1.3758 

280 

2.225 

752 . 5 

.3631 

290 

1.786 

755.2 

.3420 

260 

2.912 

744.3 

.3840 

290 

2.260 

758.5 

.3712 

270 

2.958 

750.1 

.3921 

300 

1.815 

761.3 

1.3501 

280 

3.004 

756.0 

.4001 

300 

2.295 

764.5 

1.3791 

320 

1.872 

773.5 

.3659 

290 

3.049 

761.8 

.4079 

320 

2.364 

776.5 

.3947 

340 

1.928 

785.7 

.3814 

340 

2.432 

788.5 

.4099 

360 

1.983 

797.9 

.3964 

300 

3.095 

767.7 

1.4157 

360 

2.500 

800.5 

.4247 

380 

2.038 

810.1 

.4111 

320 

3.185 

779.4 

.4310 

380 

2.568 

812.5 

.  4392 

340 

3.274 

791.2 

.4459 

400 

2.093 

822.3 

1.4255 

ing  properties  of  sulphur  dioxide,  an  oil  has  to  be  used  and  this  needs  to 
be  absolutely  anhydrous  or  corrosion  will  develop.  Table  56  gives  the 
thermodynamic  properties  of  sulphur  dioxide. 

Ethyl  Chloride. — Ethyl  chloride  (CoIIsCl)  is  a  colorless  liquid, 
slightly  lighter  in  weight  than  water,  which  may  be  stored  in  moderate 
pressure  containers.  It  is  an  anaesthetic  but  must  be  inhaled  in  con- 
siderable quantities  in  order  to  have  an  appreciable  effect.  It  is  very 
inflammable  and  can  be  exploded  by  a  spark  at  atmospheric  pressures 
in  mixtures  of  gas  in  air  of  not  less  than  4.9  and  not  greater  than  13.5  per 
cent  by  volume.  The  corresponding  mixtures  for  ammonia  and  gasoline 
are  16.5  to  26.8  per  cent  and  1.5  to  6.4  per  cent  respectively.  It  does 
not  corrode  iron,"^  nor  copper  or  its  alloy's,  nor  aluminum.  The  con- 
densing pressure  is  very  small — about  27  lb.  abs.  at  86  deg.  F.  (Table 
57),  and  the  evaporating  pressure  is  usually  less  than  one  atmosphere — 
and  the  piston  displacement  per  ton  of  refrigeration  is  very  high,  some 
30  times  that  for  carljon  dioxide  and  six  times  that  of  ammonia.  Because 
of  the  low  pressures  and  the  large  volumes  to  be  compressed  per  unit  of 
refrigeration,  the  ethyl  chloride  compressor  has  been  designed  as  a  rotary 

*  Special  Report  No.  14,  Flood  Investigation  Board,  by  Jenlcin  and  Shorthose. 
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TABLE  56 

Saturated  Sulphur  Dioxide:    Temperature  Table 


Temper- 
ature, 

Pressure 

Volume, 

Heat  Content, 

Latent  Heat, 

Entropy 

(Abso- 
lute), 
Pounds 

Foot'-Pounds 

B.t.u.  per  Pound 

B.t.u.  per  Pound 

Degrees 
F. 

per  Inch2 

Liquid 

Vapor 

Liquid 

Vapor 

Total 

Xnt6rnal 

Liquid 

r 

Vapor 

t 

P 

d' 

v" 

a 

i" 

r 

s' 

f 

s" 

-40 

3.136 

.010440 

22.42 

0.00 

178.61 

178.61 

165.57 

.0000000 

.42562 

.42562 

-35 

3.693 

.0104S6 

19.23 

1.45 

179.27 

177.82 

164.66 

. 00334 

.41875 

.42209 

-30 

4.331 

.010532 

16.56 

2.93 

179.90 

176.97 

163.70 

.00674 

.41190 

.41864 

-25 

5.058 

.010580 

14.31 

4.44 

180.50 

176.06 

162.67 

.01016 

.40509 

.41525 

-20 

5. 883 

.010627 

12.42 

5.98 

181.07 

175.09 

161.58 

.01366 

.39826 

.41192 

-15 

6.814 

.010674 

10.81 

7.56 

181.62 

174.06 

160.44 

.01719 

.39146 

.40865 

-10 

7.863 

.010721 

9.44 

9.16 

182.13 

172.97 

159.24 

.02075 

.38469 

.40544 

-  5 

9.038 

.010770 

8.28 

10.79 

182.62 

171.83 

157.29 

.02443 

.37795 

.40228 

0 

10.35 

. 010820 

7.280 

12.44 

183.07 

170.63 

156.70 

.02795 

.37122 

.39917 

1 

10.63 

.010830 

7.099 

12.79 

183.17 

170.38 

156.44 

.02869 

.36987 

.39856 

2 

10.91 

.010840 

6.923 

13.12 

183.25 

170.13 

156.17 

.02941 

.36853 

.39794 

3 

11.20 

.010850 

6.751 

13.45 

183.33 

109.88 

155.90 

.03013 

.36719 

.39732 

4 

11.50 

.010860 

6.584 

13.78 

183.41 

169.63 

155.63 

. 03084 

.36586 

.39670 

5 

11.81 

.010870 

6.421 

14.11 

183.49 

169.38 

155.36 

.03155 

.36454 

.39609 

6 

12.12 

.OlOSSO 

6.266 

14.45 

183.57 

169.12 

155.09 

.03228 

.36319 

.39547 

7 

12.43 

.010890 

6.114 

14.79 

183.65 

168.86 

154.81 

.03300 

.36186 

.39486 

8 

12.75 

.010900 

5.967 

15.13 

183.73 

168.60 

154.54 

.03373 

.36053 

.39426 

9 

13.08 

.010910 

5.822 

15.46 

183.80 

168.34 

154.26 

.03445 

.35921 

.39366 

10 

13.42 

.010920 

5.682 

15.80 

183.87 

168.07 

153.98 

.03519 

.35787 

.39306 

11 

13.77 

.010930 

5.548 

16.14 

133.94 

167.80 

153.70 

.03592 

. 35654 

.39246 

12 

14.12 

.010940 

5.417 

16.48 

184.01 

167.53 

153.42 

. 03664 

.35521 

.39185 

13 

14.48 

.010950 

5.289 

16.81 

184.07 

167.26 

153.13 

.03737 

.35388 

.39125 

14 

14.84 

.010960 

5.164 

17.15 

184.14 

166.97 

152.84 

.03808 

.35257 

.39065 

15 

15.21 

.010971 

5.042 

17.49 

184.21 

166.72 

152.55 

. 03880 

.35125 

.39005 

16 

15.59 

.010981 

4.926 

17.84 

184.28 

166.44 

152.26 

.03953 

.34993 

.38946 

17 

15.98 

.010992 

4.812 

18.18 

184.34 

166.16 

151.97 

. 04026 

.34861 

. 38887 

18 

16.37 

.011003 

4.701 

18.52 

184.40 

165.88 

151.68 

.04098 

.34729 

.38827 

19 

16.77 

.011014 

4.593 

18.86 

184.46 

165.60 

151.38 

.04169 

.34598 

.38767 

20 

17.18 

.011025 

4.487 

19.20 

184.52 

165.32 

151.08 

.04241 

.34466 

.38707 

21 

17.60 

.011036 

4.386 

19.55 

184.58 

165.03 

150.78 

.04313 

.34335 

. 38648 

22 

18.03 

.011047 

4.287 

19.90 

184.64 

164.74 

150.48 

.04385 

.34204 

.38589 

23 

18.46 

.011058 

4.190 

20.24 

184.69 

164.45 

150.18 

.  044.57 

.34073 

. 38530 

24 

18.89 

.011070 

4.096 

20.58 

184.74 

164.16 

149.88 

.04528 

.33943 

.38471 

25 

19.34 

.011082 

3.994 

20.92 

184.79 

163.87 

149.57 

. 04600 

.33812 

.38412 

26 

19.80 

.011093 

3.915 

21.26 

184.84 

163.58 

149.27 

.04671 

.33683 

.38354 

27 

20.26 

.011104 

3.829 

21.61 

184.89 

163.28 

148.97 

.04743 

.33553 

. 38296 

28 

20.73 

.011116 

3.744 

21.96 

184.94 

162.98 

148.66 

.04814 

.33422 

.38237 

29 

21.21 

.011128 

3.662 

22.30 

184.98 

162.68 

148.34 

.04886 

.33292 

.38178 

30 

21.70 

.011140 

3.581 

22.64 

185.02 

162.38 

148.02 

.04956 

.33163 

.38119 

31 

22.20 

.011152 

3.503 

22.98 

185.06 

162.08 

147.72 

. 05027 

.33034 

.38061 

32 

22.71 

.011164 

3.437 

23.33 

185.10 

161.77 

147.41 

. 05099 

.32904 

. 38003 

33 

23.23 

.011176 

3.355 

23.68 

185.14 

161.46 

147.09 

.05171 

.32774 

.37945 

34 

23.75 

.011188 

3.283 

24.03 

185.18 

161.15 

146.77 

. 05242 

.32645 

.37887 

35 

24.28 

.011200 

3.212 

24.38 

185.22 

160.84 

146.45 

.05312 

.32517 

.37829 

36 

24.82 

.011212 

3.144 

24.72 

185.25 

160.53 

146.13 

. 05384 

.32388 

.37772 

37 

25.39 

.011224 

3.078 

25.07 

185.28 

160.21 

145.81 

.05456 

.32259 

.37715 

38 

25.95 

.011236 

3.013 

25.42 

185.31 

159.89 

145.48 

.05527 

.32130 

.37657 

39 

26.52 

.011248 

2.949 

25.77 

185.34 

159.57 

145.15 

.05598 

.32001 

.37599 

40 

27.10 

.011260 

2.887 

26.12 

185.37 

159.25 

144.82 

.05668 

.31873 

.37541 

41 

27.69 

.011272 

2.827 

26.47 

185.40 

158.93 

144.55 

.0,3738 

.31745 

.47483 

42 

28.29 

.011284 

2.769 

26.81 

185.42 

158.61 

144.17 

. 05809 

.31616 

.37425 

43 

28.90 

.011296 

2.712 

27.16 

185.44 

158.28 

144.84 

.  0.5879 

.31489 

.37368 

44 

29.52 

.011308 

2.656 

27.51 

185.46 

157.95 

144.50 

.05949 

.31362 

.37311 

45 

30.15 

.011320 

2.601 

27.86 

185.48 

157.62 

143.16 

. 06020 

.31234 

.37254 

46 

30.79 

.011332 

2.548 

28.21 

185.50 

1.57.29 

143.83 

. 06090 

.31107 

.37197 

47 

31.44 

.011344 

2.497 

28.56 

185.52 

156.96 

142.49 

.06161 

.30979 

.37140 

48 

32.10 

.011356 

2.446 

28.92 

185.54 

156.62 

142.15 

.06231 

.30852 

.37083 

49 

32.77 

.011368 

2.397 

29.27 

185.55 

156.28 

142.81 

. 06301 

.30725 

. 37026 

TABLES   AND   CHARTS 
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Temper- 
ature, 
Degrees 
F. 

Pressure 

Volume, 

Heat  Content, 

Latent  Heat, 

Entropy 

(Abso- 
lute), 
Pounds 

Foot^-Pounds 

B.t.u.  per  Pound 

B.t.u.  per  Pound 

per  Inch2 

Liquid 

Vapor 

Liquid 

Vapor 

Total 

Internal 

Liqmd 

r 

Vapor 

t 

P 

v' 

v" 

a 

i" 

r 

s' 

T 

s" 

50 

33.45 

.011380 

2.348 

29.61 

185.56 

155.95 

141.47 

.06370 

.30599 

.36969 

51 

34.15 

.011392 

2.302 

29.96 

185.57 

159.61 

141.13 

.06439 

.30474 

.36913 

52 

34.86 

.011404 

2.256 

30.31 

185.58 

155.27 

140.79 

.06509 

.30348 

. 36857 

53 

35.58 

.011416 

2.211 

30.66 

185.59 

154.93 

140.44 

.06578 

.30222 

.36800 

64 

36.31 

.011428 

2.167 

31.00 

185.59 

154.59 

140.09 

.06646 

.30097 

.36743 

55 

37.05 

.011440 

2.124 

31.36 

185.60 

154.24 

139.74 

.06715 

.29971 

.36686 

56 

37.80 

.0114.52 

2.083 

31.72 

185.61 

153.89 

139.39 

.06785 

.29844 

.36629 

57 

38.56 

.011464 

2.043 

32.08 

185.62 

153.54 

139.04 

.06854 

.29719 

.36573 

58 

39.33 

.011476 

2.003 

32.42 

185.61 

153.19 

138.69 

.06923 

.29594 

.36517 

59 

40.12 

.011488 

1.964 

32.76 

185.60 

152.84 

138.34 

.06992 

.29469 

.36461 

60 

40.93 

.011500 

1.926 

33.10 

185.59 

152.49 

137.98 

.07060 

.29345 

.36405 

61 

41.75 

.011512 

1.889 

33.44 

185.58 

152.14 

137.53 

.07128 

.29221 

.36349 

62 

42.58 

.011524 

1.853 

33.79 

185.57 

151.78 

137.17 

.07196 

.29097 

.36293 

63 

43.42 

.011536 

1.816 

34.14 

185.56 

151.42 

136.81 

.07265 

.28972 

. 36237 

64 

44.27 

.011548 

1.783 

34.49 

185.55 

151.06 

136.35 

.07333 

.28848 

.36181 

65 

45.13 

.011560 

1.749 

34.84 

185.54 

150.70 

136.19 

.07401 

.28724 

.36125 

66 

46.00 

.011572 

1.716 

35.19 

185.53 

150.34 

135.83 

.07469 

.28601 

.36070 

67 

46.88 

.011585 

1.683 

35.54 

185.52 

149.98 

135.47 

.07535 

.28479 

.36014 

68 

47.78 

.011598 

1.652 

35.88 

185.50 

149.62 

135.11 

.07602 

.28356 

.35958 

69 

48.69 

.011611 

1.621 

36.23 

185.48 

149.25 

134.74 

.07769 

.28233 

.35902 

70 

49.62 

.011626 

1.590 

36.58 

185.46 

148.88 

134.37 

.07736 

.28110 

.35846 

71 

50.57 

.011639 

1.557 

36.93 

185.44 

148.51 

134.01 

.07804 

.27987 

.35791 

72 

51.54 

.011652 

1.532 

37.28 

185.42 

148.14 

133.64 

.07871 

.27865 

.35736 

73 

52.51 

.011666 

1.503 

37.63 

185.40 

147.77 

133.27 

.07937 

.27743 

. 35680 

74 

53.48 

.011680 

1.476 

37.97 

185.37 

147.40 

132.90 

.08003 

.27621 

.35624 

75 

54.47 

.011693 

1.448 

38.32 

185.34 

147.02 

132.53 

.08070 

.27498 

. 35568 

76 

55.48 

.011706 

1.422 

38.67 

185.31 

146.64 

132.16 

.08135 

.27377 

.35512 

77 

56.51 

.011719 

1.396 

39.01 

185.27 

146.26 

131.79 

.08201 

.27255 

.35456 

78 

57.56 

.011732 

1.371 

39.36 

185.24 

145.88 

131.41 

. 08268 

.27133 

.35401 

79 

58.62 

.011746 

1.343 

39.71 

185.21 

145.50 

131.03 

.08336 

.27012 

.35346 

80 

59.68 

.011760 

1.321 

40.05 

185.17 

145.12 

130.65 

.08399 

.26897 

.35291 

81 

60.77 

.011773 

1.297 

40.39 

185.13 

144.74 

130.27 

.08462 

.26772 

.35234 

82 

61.88 

.011786 

1.274 

40.73 

185.09 

144.36 

129.89 

.08525 

.26652 

.35177 

83 

62.01 

.011800 

1.2,53 

41.08 

185.05 

143.97 

129.51 

.08589 

.26532 

.35121 

84 

64.14 

.011814 

1.229 

41.43 

185.01 

143.58 

129.13 

.08653 

.26412 

.35065 

85 

65.28 

.011828 

1.207 

41.78 

184.97 

143.19 

128.75 

.08718 

.26291 

. 35009 

86 

66.45 

.011841 

1.185 

42.12 

184.92 

142.80 

128.37 

.08783 

.26171 

.34954 

87 

67.64 

.0118.54 

1.164 

42.46 

184.87 

142.41 

127.99 

.08847 

.26052 

. 34899 

88 

68.84 

.011868 

1.144 

42.80 

184.82 

142.02 

127.60 

.08910 

.2.5933 

.34843 

89 

70.04 

.011882 

1.124 

43.15 

184.77 

141.62 

127.21 

.08974 

.25813 

.34787 

90 

71.25 

.011896 

1.104 

43.50 

184.72 

141.22 

126.82 

.09038 

. 25693 

.34731 

91 

72.46 

.011909 

1.084 

43.85 

184.67 

140.82 

126.43 

.09102 

.25574 

. 34676 

92 

73.70 

.011923 

1.065 

44.19 

184.61 

140.42 

125.04 

.09165 

.25455 

. 34620 

93 

74.98 

.011937 

1.047 

44.53 

184.55 

140.02 

125.65 

.09227 

.25337 

.34564 

94 

76.30 

.011951 

1.028 

44.86 

184.49 

139.62 

125.26 

.09389 

.25219 

.34508 

95 

77.60 

.011965 

1.011 

45.20 

184.43 

139.23 

124.87 

. 09349 

.25103 

.34452 

96 

79.03 

.011979 

.9931 

45.54 

184.37 

138.83 

124.48 

.09411 

.24986 

. 34397 

97 

80.40 

.011993 

.9759 

45.88 

184.31 

138.43 

124.09 

.09472 

.24869 

.34341 

98 

81.77 

.012008 

.9.591 

46 .  22 

184.25 

138.03 

123.69 

.09.532 

.24753 

.34285 

99 

82.14 

.012002 

.9425 

46.56 

184.18 

137.62 

123.29 

.09557 

.24635 

.34229 

100 

84.52 

.012037 

.9262 

46.90 

184.10 

137.20 

122.89 

. 09657 

.24516 

.34173 

105 

91.85 

.012110 

.8498 

48.88 

183.72 

135.14 

120.88 

. 09958 

.23934 

. 33892 

110 

99.76 

.012190 

.7804 

50.26 

183.31 

1.33.05 

118.86 

.10254 

.23357 

.33611 

115 

108.02 

.012275 

.7174 

51.93 

182.85 

130.92 

116.82 

.10.546 

. 22783 

.33329 

120 

120.93 

.012360 

.6598 

53.58 

182.36 

128.78 

114.70 

.10829 

.22217 

.33046 

125 

126.43 

.012445 

.6079 

55.31 

181.82 

126.51 

112.67 

.11120 

.21639 

.32759 

130 

136.48 

.012.530 

.  5.595 

56.85 

181.24 

124.39 

110.. 57 

.11376 

.21096 

.32472 

135 

147.21 

.012620 

.51.58 

58.47 

180.62 

122.15 

108.45 

.11640 

. 20542 

.32182 

140 

158.61 

.012720 

.4758 

60.04 

179.94 

119.90 

106.30 

.11893 

.19990 

.31888 
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TABLE  56a 
Saturated  Sulphur  Dioxide:    Pressure  Table 


Pressure, 

Temperature, 
Degrees  F. 

Volume  of 

Heat,  B.t.u 

per  Pound 

Entropy 

Vapor, 

Pound-inch  2 

Absolute 

FootS-pound 

Liquid 

Vapor 

Liquid 

Vapor 

P 

t 

v" 

2 

i" 

s' 

a" 

5 

-25.40 

14.47 

4.32 

180.45 

.00988 

.41552 

10 

-    1.34 

7.520 

12.00 

182.95 

.02698 

.40000 

15 

14.43 

5.110 

17.30 

184.17 

. 03839 

.39091 

20 

26.44 

3.878 

21.41 

184.86 

.04702 

.38329 

25 

36.33 

3.123 

24.83 

185.26 

.05407 

.37754 

30 

44.76 

2.614 

27.78 

185.48 

.06003 

.37269 

35 

52.20 

2.247 

30.38 

185.58 

.06522 

.36848 

40 

58.83 

1.970 

32.73 

185.60 

.06982 

.36470 

45 

64.85 

1.754 

34.79 

185.54 

.07390 

.36133 

50 

70.40 

1.577 

36.72 

185.45 

.07763 

. 35826 

55 

75.53 

1.434 

38.51 

185.32 

.08105 

.35539 

60 

80.29 

1.314 

40.15 

185.16 

.08418 

.35373 

65 

84.76 

1.211 

41.69 

184.98 

.08705 

.35023 

70 

88.97 

1.125 

43.14 

184.77 

.08975 

.34789 

75 

93.00 

1.047 

44 .  50 

184.55 

.09228 

.34.568 

80 

96.88 

.9809 

45.78 

184.33 

.09464 

.34557 

TABLE  566 

Properties  of  Superheated  Sulphur  Dioxide 

Absolute  Pressure  in  Pounds  per  Square  inch 


Temper- 
ature, 

4 
—3S.60  Degrees 

Temper- 
ature, 
Degrees 

-19 

6 

.37  Degrees 

Temper- 
ature, 
Degrees 

-8 

8 

9n  Degrees 

Degrees 

F. 

V 

i 

s 

F. 

V 

i 

s 

F. 

V 

i 

s 

Saturation 

17.30 

179.67 

. 420^3 

Saturation 

12.22 

181  .'14 

.41151 

Saturation 

9.220 

182.23 

.40482 

-20 

18.40 

181.5 

. 42487 

0 

12.75 

184.3 

.41850 

0 

9.516 

183.7 

.40871 

-10 

18.83 

183.0 

.42836 

10 

13.04 

185.9 

.4219S 

10 

9.751 

185.4 

.41230 

20 

13.34 

187 . 5 

.42538 

20 

9.983 

187. 1 

.41579 

0 

19.27 

184.6 

.43179 

30 

13.63 

189.1 

. 42869 

30 

10.21 

188.8 

.41922 

10 

19.70 

186.1 

.43516 

40 

13.93 

190.7 

.43196 

40 

10.44 

190.5 

.42256 

20 

20.14 

187.7 

.43847 

30 

20.57 

189.3 

.44161 

50 

14.23 

192 . 3 

.43517 

50 

10.66 

192.2 

.42582 

40 

21.00 

190.9 

.44491 

60 

14.52 

193.9 

.43833 

60 

10.88 

193.8 

.42903 

70 

14.71 

195.6 

.44140 

70 

11.10 

195.5 

.43216 

60 

21.42 

192 . 5 

. 44806 

80 

15.11 

197.2 

.44443 

80 

11.32 

197.1 

.43524 

60 

21.85 

194.1 

.45116 

90 

15.40 

199.9 

.44741 

90 

11.54 

198.8 

. 43825 

70 

22.27 

196.7 

.45421 

80 

22.70 

197.3 

.45722 

100 

15.69 

200.5 

.45035 

100 

11.75 

200.4 

.44123 

90 

23.12 

198.9 

.46018 

110 

16.97 

202.2 

.45326 

no 

11.97 

202.1 

.44416 

120 

16.26 

203.8 

.45613 

120 

12.18 

203.7 

.44705 

100 

23 .  54 

200.5 

.46311 

130 

16.54 

205.3 

.45890 

130 

12.39 

205.4 

.44990 

110 

23.96 

202.1 

. 46600 

140 

16.82 

207.1 

.46176 

140 

12.61 

207.0 

.45271 

120 

24.39 

203.8 

.46885 

130 

24.81 

205.2 

.47167 

150 

17.09 

208.8 

.46451 

150 

12.82 

208.8 

.45543 

140 

25.23 

207.1 

.47445 

160 

17.35 

210.4 

.46722 

160 

13.03 

210.3 

. 45820 

170 

17.62 

212.1 

.46990 

170 

13.24 

212.0 

. 46089 

160 

25.65 

208.8 

.47720 

180 

17.88 

213.7 

. 47254 

180 

13.46 

213.6 

.46353 

160 

26.08 

210.4 

.47991 

190 

18.13 

215.4 

.47514 

190 

13.66 

215.3 

.46614 

170 

26.50 

212.1 

.48259 

180 

26.92 

213.8 

.48523 

200 

18.38 

217.0 

.47769 

200 

13.88 

216.9 

.46871 

TABLES  AND   CHARTS 
TABLE  5Qb— Continued 
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Temper- 
ature, 
Degrees 

-1 

10 

.34  Degrees 

Temper- 
ature, 
Degrees 

15 

H.JiS  Degrees 

Temper- 
ature, 
Degrees 

20 

20.44  Degrees 

F. 

F. 

V. 

V 

I 

s 

Saturation 

7.5W 

182. Oo 

. 400UU 

Saturation 

5.110 

184.17 

.39091 

Sat  uration 

3.878 

184.86 

.38329 

0 

7.545 

183.2 

.40046 

20 

5.192 

185.4 

.39270 

40 

4.035 

187.8 

.38959 

10 

7.744 

185.0 

.40432 

30 

5.333 

187.3 

. 39672 

20 

7.939 

186.7 

.40802 

40 

5.470 

189.2 

. 40054 

60 

4.145 

189.8 

.39346 

30 

8.030 

188.4 

.41159 

60 

4.251 

191.8 

.39719 

40 

S.316 

190.1 

.41505 

50 

5 .  604 

191.0 

.40424 

70 

4.354 

193.7 

, 40080 

60 

5 .  734 

192.8 

.40777 

80 

4.454 

195.6 

,40429 

60 

8.500 

191.8 

.41837 

70 

5 .  862 

195.6 

.41116 

90 

4.552 

197.5 

.40758 

60 

8.6S1 

193.5 

.42161 

80 

5 .  988 

196.4 

.41443 

70 

8.860 

195.2 

. 42480 

90 

6.112 

198.2 

.41765 

100 

4.648 

199.3 

.41093 

80 

9.038 

196.9 

.42795 

no 

4.742 

201.1 

.41415 

90 

9.214 

198.6 

.43104 

100 

6.233 

199.9 

.42076 

120 

4.834 

202.9 

.41726 

no 

6.353 

201.6 

.42383 

130 

4.925 

204.7 

.42027 

100 

9.389 

200. 3 1.43407 

120 

6.471 

203.3 

.42682 

140 

5.015 

206.5 

.42322 

no 

9.563 

202.  (-;.  43705 

130 

6.588 

205.6 

.48976 

120 

9.736 

203.7 

. 43997 

140 

6.705 

206.7 

.43264 

150 

5.104 

208.2 

.42613 

130 

9.908 

205.4 

.44283 

160 

5.193 

209.9 

.42898 

140 

10.08 

207.1 

.44565 

150 

6.821 

208.4 

.43548 

170 

5.281 

211.6 

,43176 

160 

6.937 

210.1 

.43S25 

180 

5.369 

213.3 

.43449 

150 

10.25 

208.8 

.44842 

170 

7.052 

211.8 

.44097 

190 

5.456 

215.0 

.43716 

160 

10.42 

210.5 

.45116 

180 

7.167 

213.5 

.44366 

170 

10., 59 

212.2 

.4.5296 

190 

7.282 

215.2 

.44630 

200 

5.542 

216.7 

.43977 

180 

10.76 

213.8 

.4.5651 

210 

5.629 

218,4 

.44234 

190 

10.93 

215.4 

.45913 

200 

7.396 

216.9 

.44889 

220 

5.715 

220.1 

.44488 

200 

11.10 

217.0 

.46171 

Temper- 
ature, 
Degrees 

36 

25 

33  Degrees 

Temper- 
ature, 
Degrees 

u 

30 

76  Degrees 

Temper- 
ature, 
Degrees 

58 

40 

S3  Degrees 

F. 

F. 

F. 

V 

i 

s 

V 

i 

s 

V 

i 

s 

Saturation 

3.123 

185.26 

.37754 

Saturation 

2.614 

185.48 

. 37269 

Saturation 

1.970 

185.60 

.36470 

40 

3.181 

186.1 

.37927 

60 

2.747 

189,3 

.37969 

60 

1.980 

185.9 

.3654 

70 

2.830 

191,6 

.38428 

70 

2.064 

188.7 

.37064 

60 

3.273 

188.4 

.38372 

80 

2.907 

193,8 

.38848 

80 

2.121 

191.3 

.37544 

60 

3.363 

190.6 

.38795 

90 

2.980 

195,9 

.39236 

90 

2.185 

193.6 

.37992 

70 

3.451 

192.7 

.39198 

80 

3 .  536 

194.7 

. 39582 

100 

3.052 

197.9 

.39603 

100 

2.246 

196.1 

.38415 

90 

3.618 

196.7 

.39945 

no 

3.122 

199.9 

. 30955 

no 

2.304 

198.3 

.38810 

120 

3.189 

201.8 

.40293 

120 

2.360 

200.4 

.39183 

100 

3.696 

198.6 

.40291 

130 

3.254 

203,7 

.40319 

130 

2.413 

202.5 

.39541 

no 

3.772 

200.5 

.40625 

140 

3.318 

205,6 

.40935 

140 

2.465 

204.6 

.39881 

120 

3 .  848 

202 , 4 

.40949 

130 

3 ,  923 

204,2 

.41261 

150 

3.381 

207.5 

.41241 

150 

2.515 

206.5 

. 40209 

140 

3,998 

206,0 

.41568 

160 

3.443 

209.3 

.41539 

160 

2.565 

208.5 

.41525 

170 

3.504 

211.1 

.41829 

170 

2.614 

210.4 

.41831 

ISO 

4.073 

207,8 

.41866 

180 

3.  565 

212.9 

.42112 

180 

2.662 

212.3 

.41127 

160 

4.145 

209.6 

.421.56 

190 

3.625 

214,7 

.42387 

190 

2.709 

214.2 

.41416 

170 

4.216 

211.4 

,42439 

180 

4 .  287 

213.2 

,43717 

200 

3.685 

216,5 

.42657 

200 

2 . 7.55 

216.0 

.41694 

190 

4.358 

215.0 

,42988 

210 

3,744 

218,3 

.42921 

210 

2.800 

217.9 

.41966 

220 

3 .  803 

220,1 

.43180 

220 

2.845 

219.7 

.42233 

200 

4,428 

216.7 

.432.53 

230 

3.861 

221,9 

.43438 

230 

2.889 

221.5 

.42494 

210 

4,498 

218.4 

.43413 

240 

3,919 

223,6 

.43691 

240 

2.933 

223.3 

.42751 

220 

4.567 

220.1 

.  4.3769 

230 

4,637 

221.8 

.44023 

250 

3,977 

225.3 

.43942 

250 

2.977 

225.1 

.43007 

240 

4.706 

223.5 

.44275 

260 

4,035 

227.0 

.44188 

260 

3.021 

227.0 

.43262 

240 
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TABLE  5Qb—Conlmued 


Temper- 
ature, 
Degrees 

60 

70.40  Degrees 

Temper- 
ature, 
Degrees 

80. 

60 

20  Degrees 

Temper- 
ature, 
Degrees 

88. 

70 

97  Degrees 

F. 

V 

I 

3 

F. 

V 

I 

8 

F. 

V 

X 

s 

Saturation 

1.577 

185.45 

.35826 

Saturation 

1.3144 

185. IG 

. 35272 

Saturation 

1.125 

184.77 

. 34789 

80 

1.608 

188.4 

.36366 

100 

1.288 

191.4 

.36403 

100 

1.181 

187.6 

.35443 

90 

1.723 

191.2  .36887 

110 

1.346 

194.3 

. 36906 

110 

1.228 

191.6 

. 36020 

120 

1.403 

197.0 

.37375 

120 

1.272 

194.8 

. 36545 

100 

1.775 

193.9 

.37369 

130 

1.459 

199 . 5 

.37810 

130 

1.313 

197.6 

.37028 

110 

1.825 

196.4 

.37815 

140 

1.514 

201.9 

.38217 

140 

1.352 

200.3 

.37478 

120 

1.872 

198.8 

.38234 

130 

1.917 

201.1 

.38627 

150 

1.563 

204.2 

. 38603 

150 

1.389 

202.9 

.37897 

140 

1.961 

203.3 

.38998 

160 

1.608 

206.5 

.38963 

160 

1.424 

205.3 

.38291 

170 

1.650 

208.6 

.39310 

170 

1.457 

207.6 

. 38662 

150 

2.003 

205.4 

.39353 

180 

1.689 

210.7 

.39639 

180 

1.489 

209.9 

.39014 

160 

2.044 

207.5 

.39691 

190 

1.726 

212.8 

.39956 

190 

1.521 

212.0 

.39348 

170 

2.084 

209.6 

.40015 

180 

2.123 

211.6 

.40327 

200 

1.751 

214.8 

.40260 

200 

1.551 

214.1 

.39670 

190 

2.161 

213.4 

.40628 

210 

1.785 

216.8 

.40554 

210 

1.580 

216.1 

.39978 

220 

1.819 

218.7 

.40839 

220 

1.608 

218.1 

.40275 

200 

2.199 

215.4 

.40919 

230 

1.853 

220.7 

.41118 

230 

1.636 

200.1 

.40564 

210 

2.237 

217.3 

.41200 

240 

1.885 

222.6 

.41391 

240 

1.664 

222.1 

.40845 

220 

2.274 

219.2 

.41477 

230 

2.311 

221.1 

.41748 

250 

1.917 

224.5 

.41657 

250 

1.691 

224.1 

.41120 

240 

2.347 

223.0 

.42015 

260 

1.948 

226.4 

.41917 

260 

1.718 

226.0 

.41389 

270 

1.979 

228.2 

.42175 

270 

1.745 

227.9 

.41653 

250 

2.383 

224.9 

.42275 

280 

2.010 

230.1 

.42431 

2S0 

1.771 

229.8 

.41912 

260 

2.418 

226.7 

.42535 

290 

2.040 

232.0 

.42685 

290 

1.798 

231.7 

.42167 

270 

2.454 

228.5 

.42791 

280 

2.489 

230.3 

.43045 

300 

2.070 

233.8 

.42935 

300 

1.824 

233.5 

.42418 

80 

100 

120 

Temper- 

96. 

88  Degrees 

Temper- 

110 

15  Degrees 

Temper- 

121 

52  Degrees 

ature, 
Degrees 

ature, 
Degrees 

Degrees 

F. 

V 

I 

s 

F. 

V 

I 

s 

F. 

V 

I 

s 

Saturation 

.9809 

I84.33 

.34357 

Saturation 

.7786 

183.30 

. 33603 

Saturation 

.6430 

182.19 

.33964 

100 

.993 

135.6 

.34571 

120 

.8190 

187.3 

.34296 

140 

.7085 

190.1 

. 34264 

110 

1.040 

189.1 

.35214 

130 

.8575 

191.0 

.34942 

120 

1.084 

192.5 

.35797 

140 

.8928 

194.6 

.35528 

150 

.7403 

193.9 

. 34904 

130 

1.125 

195.7 

.36330 

160 

.7700 

197.4 

.35484 

140 

1.163 

198.6 

.36819 

150 

.9255 

197.9 

.36061 

170 

.7972 

200.6 

. 36012 

160 

.9561 

200.9 

.36558 

180 

.8228 

203.7 

.36494 

160 

1.199 

201.3 

.37270 

170 

.9848 

203.7 

.37009 

190 

.8470 

206.7 

.36936 

160 

1.232 

203.9 

.37692 

180 

1.012 

206.4 

.37431 

170 

1.263 

206.4 

.38093 

190 

1.038 

209.0 

.37829 

200 

.8699 

209.4 

. 37348 

180 

1.292 

208.7 

.38461 

210 

.8916 

212.0 

.37737 

190 

1.370 

211.0 

.38813 

200 

1.062 

211.5 

.38203 

220 

.9124 

214.5 

.38104 

210 

1.086 

213.8 

.38556 

230 

.9324 

217.0 

38451 

200 

1.347 

213.3 

.39150 

220 

1.109 

216.1 

.38892 

240 

.9515 

219.3 

.38785 

210 

1.374 

215.5 

.39471 

230 

1.131 

218.4 

.39214 

220 

1.400 

217.5 

.39780 

240 

1.152 

220.5 

.39524 

250 

.9700 

221.5 

.39106 

230 

1 .  426 

219.6 

. 40079 

260 

.9880 

223.7 

.39416 

240 

1.451 

221.6 

.40369 

250 

1.173 

222.6 

.39824 

270 

1.006 

225.9 

.39713 

260 

1.194 

224.7 

.40114 

280 

1.023 

228.0 

. 40002 

250 

1.476 

223.6 

.40651 

270 

1.213 

226,8 

.40397 

290 

1  .040 

230.1 

.40284 

260 

1.500 

225.6 

.40926 

280 

1.232 

228.8 

. 40673 

270 

1.524 

227.6 

.41195 

290 

1.251 

230.8 

.40944 

300 

1.056 

233.2 

.40558 

280 

1.547 

229.5 

.41459 

310 

1.072 

234.3 

.40825 

290 

1.570 

231.5 

.41719 

300 

1.268 

232.8 

.41207 

320 

1.088 

236.3 

.41085 

310 

1.284 

234.8 

.41464 

330 

1.104 

238.3 

.41338 

300 

1.593 

233.4 

.41974 

320 

1.299 

236.7 

.41716 

340 

1.120 

240.3 

.41583 

Temper- 

140 

131.64  Degrees 

Temper- 
ature, 
Degrees 
F. 

140 

131.64  Degrees 

Temper- 
ature, 
Degrees 
F. 

140 

131 .64  Degrees 

Degrees 
F. 

V 

i 

s 

V 

i 

s 

V 

i 

8 

Saturation 

140 
150 

130 
170 
180 
190 
200 

.6451 

.5734 
.6055 
.6345 
.6613 
.6861 
.7092 
.7309 

181.04 

185.1 
189.7 
193.6 
196.3 
200.8 
204.0 
207.1 

.32388 

.33089 
.33777 
.34442 
.3.5041 

.  35.588 
. 36088 
.36548 

Saturation 

210 
220 
230 
240 
250 
260 
270 

.6451 

.7513 
.7707 
.7892 
.8070 
.8241 
.8405 
.8564 

181. 04 

210.0 
212.7 
215.4 
217.9 
220.3 
222.6 
224.9 

. 32388 

. 36976 
.37379 
.37758 
.38118 
.38461 
.38789 
.39105 

Saturation 

280 
290 
300 

310 
320 
330 
340 

.5451 

.8720 
.8970 
.9017 
.9161 
.9302 
.9441 
.    9.579 

181. 04 

227.1 
229.3 
231.5 
233.6 
235.7 
237  . 7 
239.7 

.32388 

. 39408 
.39701 
.39985 
.40261 
.  40.529 
.40791 
.41049 
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TABLE  57 
Properties  of  Ethtl  Chloride 


Pressure, 

Weight, 

1  Cubic  Foot 

of  Liquid 

Specific 
Volume  of 
Saturated 

Gas, 
Cubic  Feet 

Thermal 

Latent  Heat 

Thermal 

Temperature, 
Degrees  F. 

Pounds  per 

Square  Inch, 

Absolute 

Potential  of 

the  Liquid, 

B.t.u. 

of 

Vaporization, 

B.t.u. 

Potential    of 

Saturated 

Vapor, 

B.t.u. 

-24 

1.90 

60.40 

32.85 

-20.4 

178.2 

157.8 

-22 

2.02 

60.30 

SI.  13 

-19.6 

177.9 

158.3 

-20 

2.16 

60.20 

29.54 

-19.0 

177.6 

158.6 

-18 

2.31 

60.10 

28.12 

-18.2 

177.2 

159.0 

-16 

2.45 

60.01 

26.73 

-17.5 

176.9 

159.4 

-14 

2.61 

59.93 

25.41 

-16.8 

176.6 

159.8 

-12 

2.77 

59.85 

24.14 

-16.1 

176.3 

160.2 

-10 

2.94 

59.78 

22.95 

-15.4 

175.9 

160.5 

-  8 

3.13 

59.70 

21.84 

-14.6 

175.6 

161.0 

-   6 

3.31 

59.60 

20.76 

-13.9 

175.3 

161.4 

-   4 

3.51 

59.50 

19.80 

-13.1 

174.9 

161.8 

-   2 

3.71 

59.40 

18.89 

-12.4 

174.6 

162.2 

-   0 

3.93 

59.30 

18.04 

-11.7 

174.2 

162 . 5 

+   2 

4.15 

59.20 

17.22 

-11.0 

173.9 

162.9 

+   4 

4.38 

59.10 

16.46 

-10.2 

173.6 

163.4 

6 

4.61 

58.99 

15.74 

-   9.5 

173.2 

163.7 

8 

4.86 

58.90 

15.03 

-   8.8 

172.9 

164.1 

10 

5.13 

58.79 

14.36 

-   8.1 

172.6 

164.5 

12 

5.42 

58.69 

13.74 

-   7.3 

172.2 

164.9 

14 

5.71 

58.59 

13.14 

-   6.6 

171.9 

165.3 

16 

6.01 

58.48 

12.58 

-   5.9 

171.6 

165.7 

18 

6.32 

58.39 

12.06 

-   5.1 

171.3 

166.2 

20 

6.65 

58.29 

11.56 

-   4.4 

170.9 

166.5 

22 

6.98 

58.20 

11.07 

-   3.6 

170.6 

167.0 

24 

7.31 

58.10 

10.58 

-   2.9 

170.2 

167.3 

26 

7.65 

58.00 

10.11 

-   2.1 

169.9 

167.8 

28 

8.01 

57.89 

9.66 

-    1.4 

169.6 

168.2 

30 

8.40 

57.78 

9.22 

-   0.6 

169.2 

168.6 

32 

8.80 

57.66 

8.81 

+   0.1 

168.9 

169.0 

34 

9.21 

57.55 

8.44 

0.9 

168.5 

169.4 

36 

9.63 

57.45 

8.10 

1.6 

168.2 

169.8 

38 

10.06 

57.34 

7.76 

2.4 

167.8 

170.2 

40 

10.53 

57.24 

7.43 

3.2 

167.5 

170.7 

42 

11.01 

57.14 

7.12 

3.9 

167.2 

171.1 

44 

11.52 

57.04 

6.84 

4.7 

166.8 

171.5 

46 

12.02 

56.93 

6.56 

5.5 

166.4 

171.9 

48 

12.60 

56.83 

6.30 

6,2 

166.0 

172.2 

50 

13 .  20 

56.72 

6.04 

6.9 

165.6 

172.5 

52 

13.81 

56.61 

5.79 

7.7 

165.2 

172.9 

54 

14.44 

56.51 

5.54 

8.5 

164.8 

173.3 

56 

15.11 

56.40 

5.30 

9.3 

164.4 

173.7 

58 

15.78 

56.29 

5.07 

10.0 

164.0 

174.0 

60 

16.45 

56.19 

4.84 

10.8 

163.6 

174.4 

62 

17.14 

56.10 

4.64 

11.6 

163.2 

174.8 

64 

17.82 

56.00 

4.46 

12.4 

162.8 

175.2 

66 

18.52 

55.91 

4.30 

13.1 

162.4 

175.5 

68 

;9.25 

55.80 

4.15 

13.9 

162.0 

175.9 

70 

21.03 

55 .  69 

4.00 

14.7 

161.6 

176.3 

72 

21.83 

55.58 

3.86 

15.4 

161.2 

176.8 

74 

21.66 

55 .  48 

3.70 

16.2 

160.8 

177.0 

76 

22.55 

55.38 

3.60 

17.0 

160.4 

177.4 

78 

23.42 

55 .  26 

3.49 

17.8 

160.0 

177.8 

80 

24.33 

55. 15 

3.39 

18.6 

159.5 

178.1 

82 

25.25 

55.04 

3.30 

19.4 

159.1 

178.5 

84 

26.19 

54.94 

3.21 

20.2 

158.7 

178.9 

86 

27.15 

54.83 

3.13 

21.0 

158.2 

179.2 

88 

28.17 

54.72 

3.06 

21.7 

157.8 

179 . 5 

90 

29.24 

54.61 

2.99 

22.6 

157.3 

179.9 

92 

30.33 

54 .  50 

2.92 

23.4 

156.8 

180.2 

94 

31.45 

54.40 

2.86 

24.1 

156.3 

180.4 

96 

32.60 

54.30 

2.80 

25.0 

155.8 

180.8 

98 

33.75 

54.20 

2.75 

25.8 

155.4 

181.2 

100 

34.93 

54.10 

2.70 

26.6 

154.9 

181.5 

102 

36.14 

54.00 

2.66 

27.4 

154.5 

181.9 

104 

37.36 

53.90 

2.63 

28.2 

154.0 

182.2 

106 

38.59 

53.79 

2.58 

29.0 

153.6 

182.6 

108 

39.82 

53.68 

2.54 

29.8 

153.1 

182.9 

110 

41.10 

53.56 

2.51 

30.5 

152.6 

183.1 
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in  many  cases  in  which  the  required  piston  displacement  can  be  secured 
with  less  difficulty  than  in  the  case  of  the  reciprocating  compressor. 

Methyl  Chloride. — Methyl  chloride  (CH;jCl)  has  considerable  resem- 
blance to  ethyl  chloride,  but  the  unit  pressures  are  greater  and  the 
piston  displacement  per  ton  of  refrigeration  is  less.  It  is  slightly  anaes- 
thetic but  not  unpleasant  to  inhale  except  that  some  persons  are 
nauseated  by  the  gas,  and  it  is  inflammable;  much  less  so  than 
ethyl  chloride,  but  more  so  than  ammonia.  The  latent  heat  of  vaporiza- 
tion (r)  is  about  170  B.t.u.  per  lb.  It  does  not  seem  to  be  corrosive 
to  copper  or  compositions  of  copper,  nor  to  iron  or  steel,  the  pressures 
encountered  are  95  lb.  per  sq.  in.  abs.  (80  lb.  gage)  or  less  as  a  rule 
(Table  58),  and  the  evaporating  pressures  are  greater  than  one  atmos- 
phere if  the  boiling  temperature  is  higher  than  — 10  deg.  F. 

Methyl  chloride^  does  not  appear  to  cause  any  damage  to  goods  or 
commodities.  Both  methyl  and  ethyl  chloride  are  nearly  as  harmless 
as  carbon  dioxide,  as  a  relatively  large  percentage  of  these  gases  in  the 
air  will  not  injure  the  eyes  or  lungs  and  seemingly  the  bad  effects  are 
only  from  the  absence  of  oxygen,  as  would  be  the  case  with  carbon 
dioxide  or  nitrogen.  There  does  not  seem  to  be  any  cumulative  effect,  as 
would  be  the  case  v^^ith  carbon  monoxide,  which,  incidentally,  may  not 
show  the  real  effect  on  a  person  until  some  time  after  the  exposure. 
Both  methyl  and  ethyl  chloride  must  be  anhydrous,  or  the  water  content 
will  freeze  at  the  expansion  valve.  Mineral  oils  dissolve  readily  in 
methyl  and  ethyl  chloride,  but  this  is  not  true  in  the  case  of  sulphur 
dioxide. 

Propane.^ — Of  the  gasoline  compounds,  butane  (C4H10),  propane 
(CsHg)  and  ethane  (C2II6),  propane  approximates  very  closely  the 
physical  characteristics — as  regards  pressures  and  refrigerating  ability — 
of  ammonia,  whereas  ethane  is  more  like  carbon  dioxide  and  butane 
like  sulphur  dioxide  or  ethyl  chloride.  Propane  will  give  a  lower 
refrigerating  temperature  than  ammonia  will  for  the  same  suction  pres- 
sure. According  to  Dr.  E.  E.  Smith,  propane  up  to  50  per  cent  in  the 
air  (by  volume)  will  not  cause  injury  to  people.  Table  60  ^  gives 
the  limits  of  the  explosibility  of  propane  and  other  refrigerants.  Table 
59  gives  some  of  the  thermodynamic  properties  of  propane. 

Butane. — As  mentioned,  butane  has  the  pressures  found  in  sulphur 
dioxide  practice  but  it  is  harmless  to  breathe.  Its  particular  field — up 
to  the  present  time — is  in  the  household  or  the  -^ton  (ice  cream  cabinet) 
machine  now  being  manufactured  in  considerable  numbers.    In  either 

^  Certain   Physical   and   Chemical   Properties   of   Methyl   Chloride,    by   H.   J. 
Macintire,  C.  S.  Marvel  and  S.  F.  Ford,  Amer.  Soc.  of  Refrigerating  Engineers,  1927. 
*  H.  D.  Edwards,  Amer.  Soc.  Refrigerating  Engineers,  1924. 
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case  medium  pressures  and  safety  are  the  first  requirements,  and  the 
actual  (relative)  size  is  secondar}',  as  is  the  amount  of  power  required 
to  operate  the  compressor.  Tables  ()1  and  62  give  the  thermodynamic 
properties  of  butane  and  isobutane. 


TABLE  60 


Refrigerants 


Ammonia 

Butano 

Carbon  dioxide. . 

Ethane 

Ethyl  chloride. . . 

Gasoline 

Illuminating  gas. 
Methyl  chloride. 

Propane 

Sulphur  dioxide . 


Explosion  Limits 

with  Air  Ratio 

bv  Volume 


Low 


13.1* 
1.65 

3.1 
4.3 
1.4 
7.0 

8.9 
2.4 


High 


26.8 
5.7 

10.7 
14.0 

6.0 
21.0 
15.5 

8.4 


Maximum  Explo- 
sion Pressures, 
Pounds  per 
Square  Inch 


54 
102 


98 


81 
100 


52 
102 

108 


100 
95 


104 


Time  of  Maxi- 
mum Pressure 
in  Seconds 


0.252 
0.027 


0.049 


0.099 
0.023 


0.175 
0.027 

0.018 

0.026 
0.017 

0.020 


*  Lowenstcin  says  the  lower  value  is  19.6.     a  refers  to  Linde  Air  Products   Laboratories.     6 

refers  to  the  Uuderwritera  Laboratory,  Chicago. 


Dicloethylene. — Dicloethylene  (C2H2CI2)  is  being  used"  by  only 
one  company  in  a  centrifugal  type  of  rotary  compressor.  It  is  a  colorless 
liquid,  practically  non-explosive  and  harmless  to  people  and  commod- 
ities. The  unit  pressure  at  the  standard  condensing  temperature  of 
86  deg.  F.  is  about  one-half  an  atmosphere. 

This  refrigerant  is  especially  good  for  centrifugal  compression 
because  the  molecular  weight  is  high  and  the  unit  pressures  are  very 
low — being  below  the  atmosphere — although  the  ratio  of  the  suction 
to  the  condensing  pressure  is  nominal.  The  result  is  that  with  six 
stages  the  actual  pressure  increase — 6-2  lb. — is  easily  obtained.  It  will 
be  noted  that  all  pressures  are  less  than  that  of  the  atmosphere,  and  the 
difficulty,  if  any,  is  to  remove  the  air  that  enters  the  compressor  through 
the  shaft  stuffing  boxes  without  excessive  loss  of  the  refrigerant.  Table 
63  which  was  prepared  by  Willis  Carrier,  gives  the  design  requirements 
with  this  refrigerant. 


'  W.  H.  Carrier,  American  Soc.  Refrig.  Engineers,  June,  1924. 


TABLES  AND   CilARl'S 


247 


S"  ^ 


I,  CO  CO  CO     -    -    —    —   -" 


oooooooooooooooooooooooooooooo 


o  >o  -<  t^ 


CO    -^    O    "5    •-<   t» 


oooooooo 


H^         ICOOOOOOO 


o  o  o 
o  o  d 


o  o 
o  d 


o  o 
o  o  d 


O    — '    — '    C-t    CI    CC    fO 

dddddddddd 


a  *-  -  3 

»  rt  ^  O  o 

■g  «  r  eu  "J 

J  K  m  u 


o  o  o 
oo  aj  r»  CO 


lO    "O    >ra    lO    'O    "O    lO    lO    ■■'5    '.T    o    o 


lO   o   O   "5   O   O   'O   lO 

CO  CI  —  Ci  c/:i  r-  lO  w  c-i  o  c. 


iO  lo  'O  -r 


"t'  ^  "1*  CO  CO 


t         '  O  O  O  O  'O  O  "5   "5  O  O  'O  1/^  ".O  >0  O  O  O  iC  O  O  O  'O  lO  'O  O  'O    "5  O  O  O 

^5:    o  CI  -r  -5  r-  cr-  —  CO  ic  t-  -z.  o  7i  -f  no  O;  c.  —  ci  co  ic  to  vj  o  ci  co  •':  (-  cv  -■ 

s         I,  I,  1-  I.  I,  I,  X  X  (Z/  c(0  iz,  cr.  c  c;  C-.  cv  c-  o  c  o  o  o  o  -"  — I  —  -"  — •  -<  ci 

^    ^  n  ^  ,-4  n  ,-1  _  ,-«  ,-1  n  n  i-l  ri  n  i-i  i-<  i-l  Cl  IM  Cl  CI  C<  C4  CI  71  71  71  CI  CI  71 


li    U5    O    U)    O    O    O 


i.OiOOOOO'0'OiO>-OmOOO''5tr5>00'-'5'00'0 


CliOOOOCOOCS-H-t.!,    OeOtOCO'-<-1< 

^r-<i-l>-lClCICIC0COC0CO^^ 


tI»OCO<OOCOOOCO      ~ 


B'^ 


ooci-i<cocootD'0-»"<ooo-»<-^t>.r-t>.o>oooci(»co'iioc-,  (af^-i" 

fT^    ("^    ^N    cj    po    ift    f^j    Vi    <^    T-i    •#!    ert    (Ti    ^i    »*    »_    f~^    »v^    ««    i  _    .^    f^    r^    ^^    •_    »*i    »«    /« i    s^    /v^ 


C,    O    —    CI    CO 

O     rt     rt     .-.     r-l     -H     «     r-l     CI     CI     CI 


-<  i-o  CO  CO  I-  CI  o  CI  i»  CO 

-     -     -     -      -  I,   OO   00   C-- 


oooooooooooooooooooooooooooooo 


.S'  '-'    00  CO  CO  CO  I-  i~  r~  I-  I-  f^  o 


I  CO  "5  •«(<  o  ®  "O  'O  o  -»<  -f  •<"  CI  — c  jr.  to  71  c  CO 

'   to  -»•  CI  o  c»  «  -f  -r  CI  o  to  to  -f  -<  ^.  I-  -»i  71 

-ff-fcococococi 


.s  '-'    00  CO  CO  CO  I-  i~  r~  I-  I-  f^  to  to  «  to  o  "O  o  lO  'O  i.o  '-0  -»•  -)<  -)•  -f  CO  CO  CO  CO  CI 
^         cococococoeocococococococococococoeoeoeoeococococococoeococo 


2-^ 


--<  O  «.  X  1-  to  "O  m  -»>  •»<  -f  CO  CO  CO 


rt  CO  '!5  N 

C.  O  '^  CI 

■o  to  to  to 


C;— '-!"t0C5C0«0OC0OC00>i0-Hi0C0-»'OO<0"-0 
~  -  —  I-  CO  O  —I  CO  -»•  'O  I»  CO  O  CI  CI  CO  O  f-  C*  O  CI 

to  to  r~  t-  t-  r>.  1^  i»  J-  CO  CO  CO  ■»:>  oD  CO  CO  C".  o 


-  --  --  -  —  oi  c;  05  o  O 

CI    CI    71    71    71    71    71    71    71    71    71    71    71    71    71    71    71    71    CI    CI    CI    CI    71    71    71    71    71    CO    CO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


oooooooooooooooooooooooooooooo 


»*♦*♦** 


o>ooo>ciooo'0«5»>."-<0'Heor».coc5 


^  OiN-«OOCOCOtOCOOOC5^0 

r^    -, '  lO  CO  -•  X  to  CO  o  —  CO  "J"  to  c  —I  -r  to  05  CI  to  <o  o  CO  r~  — 1  to  o  to  -H  to  71  t^ 
{_;j'._«_,-.  -H«.-irtc<e^c4C4eoco'>)<'»"«o>o<otDi^t» 


CO  c> 
I  »~  tc 


■^too-for-toooocooto'Otooto'Ocj 

O— icO-l-tCt^Ci— <co 


71-j'cotecoofo® 

71    to    O 

»o  *c  to 


OlOO>AO'aOiAO>AOiOO>00''3 


iOOU30*rtO»00»00»00*COO(00*-0   0*00*OOtftOirtO 
--NNCOCOT»i^iOiO(0«t~t>.00«OOC10iOO    —    «CICIC0eO^ 


248 


REFRIGERANTS 


0'0  0'00'00>'^0'OOiOO>OOiOOiOOi'50iOcDO'00>00"5  0'OOiOO 
C^)^^  •-l^C<<MCCMi}'"^'0'0<DOt^t^OOOO(30050>OOi-li-iC-lClCOCO»1< 

IIII+  ^^^^^^^^^ 


lO  »0  «0  lO  »0  ^  ■'l^  -^   -t^   ^  -^  -t^  -^   '^   '^  -^  Tt*   -^  lO  »0  i-O  lO   lO  »0  lO  lO  CO  CO  ^  O  CD  t^  t^  t^ 


oooooooooooooooooooooooooooooooooo 


OiOOiOOiO^CD'-it^(MOO-*0>''2i-ih»c<50>CD(NOOO:'OC^100>OC10t~'*i-ia5cO 
O-H.-iOOO'H^OlOlMM'^'^'OcDCOr-t^COOOOO'H'-iOCOCO'f'OCOCOt^ 
OOOOOOOOOOOOOOOOOOOOOOO— 1— i^'-i.-Hr-i.-iT-cr-i.-i-H 


oooooooooooooooooooooooooooooooooo 

I  I   I   I 


;k« 


pq  Pi 

H    o 

B5 
Ph 


lOOOO'OiOiOOO'O'O'OOO'OiOO'OiOO'OOOiOO'OOO'OiOOOOi 


U5O»0»0»0O>0i0O»0O»0OO»0»0OOOOOO»0O»0iCOO»C>0>0O»0iC 


CDt^00050<>)C<3Tt<COt^050(N"^iOt>.0'HC<3iOl^0505'HM'0000  0)-:J<t^OlMiO 
iOiOcO»OcDCDCOCOCOCDCDt*t^t^t^t^t^OOCiOOOCOOOOOC50C50iOOOO'-H^HT-i 
i-li-lr-lT-(i-(i-l,-l.-li-(i-(i-(>-li-li-lr-lr-lr-l.-li-(i-li-(i-lr-li-lrti-li-IC^l!N(N(NlNlNC^ 


O0'0i00>00'0  00i0000000i0»00'0  0»0»0i000000»00»00 


0J(MIMC-)C0C0C0-1<'*'1<i0   10CDCOC0t^t^C00005OO^IMMC0 


000O00O0O00000000O0000000000'-i'-i-(.-H.-<.-i 


So: 


o 


iOOTC7:Cn'-lTt<t^t-lcO<NOOiO(NC2r-'*C<l'-IO>t-CDlOiO-^COC-4^003020000t~t^ 


OO>00t~t^c0'OiC'^T(lC0C0C<5<N(NiMlN<Ni 


o  o  o  o  o  o 


O0'0i00»00'0i0  0»000»00»0  0»0i0  000»00'0  0  0  00>0i0>0i0»-0 
i-i(NCO"^COt^050'-icC'^CDOOO'-i(N'^»Ot^C5^i:OCC«OcOOOCO»"'t^a:(NTt^t^ 
cDCCcOCDCDCOcOt^t^t^t^t^t^t^OOOOOOOOOOCC050>05  00>000000-Hi-i^ 
C-)  CI  O)  Ol  C^l  tN  (>)  (N  IM  C^  IM  C-4  C-1  (M  N  (N  (N  C^  C-l  <N  (N  (N  C^l  iM  C-)  C^I  CO  CO  TO  CO  CO  M  M  CC 

oooooooooooooooooooooooooooooooooo 


oooooooooooooooooooooooooooooooooo 


0) 
M 

a 

a 

******* 

CD  O  O  00  CO  CO  IM 

CO'0>OcDO)CMOOOOOOO'0>-iO(N0500COt^OcD-i<t~CO'-HCOCO.-' 

Tl<  CO  -H  00  CO  CO  O 

■-leo'Ot^aiO'ft^OTttt^— i>.oo5coTt<oococn':i<OcDcoot~Tj<(N 

.-lr-lrtCMCV|(NC0C0C0'J<-*T}li0>OC0t^t^000>0>Oi-l 

3 

- 

o  o  00 

lO  CO  C^  -^  CD  -<  CD 

fO(N(Ncocoo5^0"Ol0^^c^oo^>.05cDlOco^^~co— i-*oooocooo 

r^  00  O)  o  'H  CO  ^ 

CD00O<N'*C0O5C)'0  00lM"OO3C000i3iC000C00i'O.-l00'^IM05CD 
■-ii-l(NlN<NlMIMCOCOCOM<-*^iOiO>OcOCOt^t^0005CTiO--l— i(N 

0»00'OOiOOiOO'CO»00»^0»00»00*CO'OcDOiOO>00'OOiOO*00 

(Ni-HrH  rtrtcicicoeoT)<T)<'Oiococot-r»ooooooo2oaOO'Ht-(csiNcocO'* 


MIXTURES   OF   DIFFERENT   REFRIGERANTS 


249 


TABLE  63 

On  the  Basis  of  200  B.t.u.  Refrigeration  per  Minute  and  86  Degrees 
Condensing  and  5  Degrees  Evaporating  Temperature 


C2H2C12 

Weight  of 
Refrigera- 
tion, 
Pounds 

Volume  in 

Cubic  Feet 

per 

Minute 

In  Inch  of  Mercury 

Ratio 

P2 

Pi 

Coefficient 

of  Per- 
formance 

Horse 
Power 

Pi 

Vi 

per 
Ton 

1.768 

108.4 

1.78 

14.65 

8.23 

5.14 

0.918 

TABLE  64 
Properties  of  Saturated  Ethane 


Pressure,  Pounds  per 

Heat  Content  above  32 

Tempera- 

Square Inch 

Deg.  F.,  B.t. 

u.  per  Pound 

Latent  Heat, 

ture, 

B.t.u.  per 

Degrees  F. 

Pound,  Total 

Gage 

Absolute 

Liquid 

Vapor 

-40.0 

100.0 

114.7 

-32.4 

149.6 

182.0 

-30.0 

120.3 

135.0 

-27.9 

150.4 

178.4 

-20.0 

144.8 

159.5 

-23.4 

150.6 

174.0 

-10.0 

173.3 

188.0 

-18.9 

150.3 

169.2 

0.0 

204.3 

219.0 

-14.4 

149.4 

163.8 

10.0 

238.3 

253.0 

-  9.9 

148.1 

158.0 

20.0 

277.3 

292.0 

-  5.4 

145.7 

151.1 

30.0 

318.3 

333.0 

-  0.9 

142 . 1 

143.0 

40.0 

361.3 

376.0 

4.0 

137.1 

133.1 

50.0 

410.3 

425.0 

9.4 

130.8 

121.4 

60.0 

466.3 

481.0 

15.2 

122 . 1 

106.9 

70.0 

532.3 

547.0 

22.2 

111  4 

89.2 

80.0 

610  3 

625.0 

32.3 

98.2 

65.9 

89.8 

703.4 

718.1 

0  0 

Mixtures  of  Different  Refrigerants. — Various  attempts  have  been 
made  to  mix  different  refrigerants  with  the  idea  that  a  new  "  compound  " 
will  be  obtained  or  something  that  will  give  the  characteristics  in  between 
the  extremes  of  the  two  being  mixed.  This  has  been  tried  with  carbon 
dioxide  and  sulphur  dioxide,  methyl  and  ethyl  chloride,  and  butane  and 
propane.  Such  attempts  have  always  been  failures,  as  a  new  compound 
is  never  obtained,  and  leaks  occurring  soon  change  the  proportions  of  the 
mixture.  In  fact,  if  leaks  do  occur,  it  is  the  vapor  with  the  higher  tension 
that  escapes  in  the  largest  proportion.     As  the  mixture  is  not  a  pure 
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compound,  and  the  proportion  is  not  known  accurately,  pressures  in  the 
system  cannot  be  interpreted  with  any  accuracy. 

Water  Vapor. — Water  vapor  has  lieen  proposed  for  years,  especially 
for  air  cooling  where  the  refrigerating  temperature  needs  to  be  between 
45  and  60  deg.  F.  If  steam  is  used  as  a  refrigerant  under  these  condi- 
tions, the  evaporating  pressures  have  to  be  extremely  low,  and  the 
specific  volume  of  the  saturated  vapor  is  very  great.  The  only  method 
seriously  proposed  for  this  condition  is  the  Leblanc  system  of  compress- 
ing with  water  pistons,  similar  to  the  method  of  securing  high  vacuum 
in  steam  condensers.  Although  a  number  of  applications  to  warship 
and  other  refrigeration  has  been  made  in  France,  little  has  been 
attempted  in  the  United  States.  The  advantage  would  be  perfect 
safety,  the  "brine"  used  being  pure  water,  yet  the  horse  power  per  ton 
is  considerably  higher  than  would  be  the  case  with  other  refrigerants. 

Air. — Air  as  a  refrigerant  was  one  of  the  first  successful  means  of 
securing  mechanical  refrigeration,  and  it  has  many  good  features.  Air 
is  cheap  and  plentiful  and  leaks  are  harmless  except  from  the  point  of 
view  of  the  loss  of  capacity  or  the  cost  in  dehumidifying  it.  Yet  it  has 
been  discontinued  in  all  except  a  very  few  installations  because  of  the 
bulk  of  the  compressor,  operating  troubles,  and  the  higher  horse  power 
per  ton  of  refrigeration  than  would  be  necessary  with  the  volatile  liquids 
now  used  so  generally.  In  order  to  secure  low  temperatures  an  expansion 
cylinder  must  be  used  which  returns  some  of  the  power  required  for 
compression  back  to  the  shaft.  In  order  to  decrease  the  piston  displace- 
ment per  ton  of  refrigeration  a  dense  air  usually  is  used,  of  three  or 
more  atmospheres'  suction  pressure,  in  which  case  the  cycle  is  a  closed 
one.  Although  there  are  decided  advantages  in  the  use  of  air,  yet  it 
seems  unlikely  that  one  would  face  the  operating  troubles  with  the 
lubrication  at  the  very  low  temperatures,  from  —50  to  —100  deg.  F., 
and  with  the  continued  trouble  with  the  trace  of  water  vapor  which 
cannot  be  removed  from  the  air  and  which  will  freeze  in  the  valves  of  the 
expansion  cylinder  at  any  moment;  a  condition  which  occurred  almost 
daily  in  the  dense  air  machines  in  the  U.  S.  navy.  Its  use  in  the  future 
is  very  doubtful  v;hen  it  is  considered  that  very  much  better  results  can 
be  obtained  by  the  use  of  the  many  available  refrigerants  of  the  volatile 
liquid  type  (see  Chapter  I). 

Lubrication. — Lubrication  of  the  compressor  cylinder  is  one  of  the 
very  unportant  points  to  be  considered.  The  difficulty  in  refrigeration 
is  that  the  refrigerant  frequently  is  absorbed  by  the  oil  or  vice  versa,  or 
that  some  chemical  action  takes  place.  The  lubricant  must  not  freeze 
at  the  lowest  temperature  used,  usually  taken  at  —20  deg.  F.,  and 
must  not  show  a  flash  test  at  less  than  300  deg.  F.    Experience  has  shown 
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that  a  straight,  refined,  mineral  oil  with  a  viscosity  of  about  130  to 
180  Saybolt  at  104  deg.  F.  is  about  correct  for  most  work.  The  presence 
of  water ^  in  the  ammonia  or  the  oil  will  tend  towards  an  emulsifying 
effect  due  to  the  ammonia  hydrate  formed. 

In  the  case  of  carbon  dioxide,  glycerine  was  used  for  some  time,  but 
now  a  mineral  oil  is  used  exclusively  in  the  practice  in  the  United  States 
and  Great  Britain.  On  account  of  the  low  temperatures  so  often 
encountered  with  carbonic  compressors,  a  much  lower  test  oil  is  required 
than  for  ammonia.  Chemically  pure,  dry  glycerine  has  been  considered 
to  be  the  only  practical  lubricant  for  ethyl  and  methyl  chloride,  whereas 
sulphur  dioxide  requires  a  straight  refined,  highly  anhydrous,  mineral 
oil.  The  hydro-carbon  liquids  tend  to  dissolve  mineral  oils,  and  where 
the  liquid  gets  into  contact  with  the  oil  to  any  extent  it  is  found  that 
glycerine  or  one  of  the  glycols  mixed  with  deflocculated  graphite  will 
give  good  results. 

Tables  and  Charts. — Figures  164  to  168,  inclusive,  are  P-I  diagrams 
for  carbon  dioxide,  ammonia,  ethyl  chloride  and  methyl  chloride, 
respectively.  These  diagrams  (see  Chapter  I)  represent  the  action  of  the 
entire  refrigerating  cycle  and  they  present  an  easy  and  accurate  method 
for  the  solution  of  problems  in  refrigeration.  Tables  59,  61,  62  and  64 
were  compiled  by  the  Linde  Air  Products  Company.^  Table  56  and 
Fig.  166  are  from  D.  L.  Fiske,  Refrigerating  Engineering,  Dec,  1924. 
The  properties  of  saturated  and  superheated  ammonia,  and  the  P-I 
diagram  for  ammonia  are  taken  from  Circular  142  of  the  Bureau  of 
Standards. 

*  W.  F.  Osborne,  Journal  of  the  Amer.  Soc.  Refrig.  Eng.,  1920. 
'  Refrigerating  Engineering,  June,  1926. 


CHAPTER  VIII 
BRINE  AND  BRINE  SYSTEMS 

As  before  noted,  refrigeration  may  take  place  directly  through  the 
absorption  of  heat  by  the  refrigerant  from  the  commodity  to  be  cooled, 
and  indirectly  where  water  or  some  non-freezing  solution  is  cooled  by 
the  refrigerant  and  then  in  turn  cools  the  commodity  by  means  of  pipe 
coils  or  by  sprays.  The  small  job  generally  uses  the  direct  method  (called 
direct  expansion),  while  for  larger  work  whether  the  direct  or  the  indirect 
(the  brine  system)  shall  be  used  depends  on  a  number  of  factors,  so  that 
each  case  has  to  be  decided  separately  on  its  merits. 

Costs. — With  direct  expansion  piping  for  ammonia  it  is  necessary 
to  have  an  extremely  tight  system.  With  steam  and  compressed  air 
piping  a  small  leak  is  usually  of  little  moment,  but  in  the  case  of  ammonia 
even  a  small  leak  may  be  very  serious,  both  as  regards  the  cost  of  the 
refrigerant  lost  and  also  because  of  the  possible  danger  to  persons  and 
commodities  from  the  released  ammonia.  To  keep  the  pipe  line  tight 
means  special  fittings  and  very  careful  pipe  work,  with  either  the  tinned 
and  soldered  or  the  lithage  and  glycerine  thread  joint. 

On  the  other  hand,  the  brine  refrigerating  piping  need  not  be  special. 
The  pressures  used  are  generally  not  greater  than  25  lb.  in  excess  of  the 
static  pressure  due  to  the  head  of  brine,  and  the  piping  and  the  fittings 
can  be  the  usual  kind  for  125  lb.  pressure.  If  the  brine  system  is  a 
closed  one  with  a  balance  tank  (Fig.  169),  the  pumping  cost  need  be 
only  that  which  is  required  to  overcome  friction  and  create  the  velocity 
head.  There  is  required,  however,  some  kind  of  brine  cooler  of  the 
double  pipe,  the  shell  and  coil,  but  usually  of  the  shell  and  tube  variety, 
and  the  necessary  circulating  pump  for  the  brine.  As  the  brine  is  used 
to  absorb  heat  and  its  heat  capacity  is  limited  to  a  rise  in  temperature  of 
a  few  degrees  only,  it  follows  that  the  brine  circulating  pump  must  be 
in  operation  as  long  as  refrigeration  is  required,  unless  hold-over  or  con- 
gealing tanks  or  brine  tubes  are  used  to  hold  a  quantity  of  brine  and 
thereby  store  up  a  relatively  small  amount  of  refrigeration. 

Direct  expansion  means,  in  plants  of  any  size,  a  heavy  initial  cost  for 
the  charge  of  ammonia  or  other  refrigerant.  Should  a  large  leak  occur, 
due  to  a  broken  fitting  or  pipe,  there  is  danger  of  the  entire  charge  being 
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lost.  With  brine  it  is  also  possible  to  lose  the  charge,  but  if  the  piping 
is  open  to  inspection  there  should  not  be  much  difficulty  in  keeping  the 
loss  small.  ^ 

The  refrigerating  machine  can  be  operated  periodicall}^  when  brine 
and  a  brine  storage  tank  are  used,  but  the  brine  pump  needs  to  operate 
continuously.  In  direct  expansion  the  compressor  has  to  pump  as  long 
as  refrigeration  is  desired. 

Advantages  of  Brine. — There  is  an  advantage  in  the  use  of  brine 
from  the  fact  that  it  may  be  used  as  a  storage  for  refrigeration  and 
therefore  the  l)rine-operated  plant  with  brine  storage  can  respond  to 
sudden  demand,  as,  for  example,  in  the  quenching  of  steel,  in  the  pas- 
teurizing of  milk  or  in  other  cases  where  the  cooling  required  comes  in 


Collecting  pipe  from  risers 


Overflow  pipe 

Balancing  tank 

Screen  holding  calcium  chloride. 
Brine  strainer 


yf  Floor  line 


Pipe  space     vp 


Main  return  to  brine 
tank  in  basement 


Fig.  169. — A  Typical  Connection  to  a  Brine  Balancing  Tank. 

sudden  demands.  Under  these  conditions  it  is  possible  to  use  a  brine 
storage  tank  of  size  sufficient  to  obtain  the  required  storage  capacity,  in 
which  case  a  smaller  refrigerating  machine  ma}^  be  operated  practically 
continuously.  When  the  temperatures  required  are  not  below  the 
temperature  of  freezing  of  water  (32  deg.  F.),  it  is  usual  to  substitute 
water  for  the  brine,  unless  (as  in  the  case  of  steel  quenching)  there  are 
good  reasons  for  the  use  of  calcium  or  sodium  chloride  brine.  Some 
kinds  of  work  are  best  performed  b}^  employing  a  spray  (particularly  in 
the  case  of  air  cooling  and  conditioning),  using  a  specially  designed 
spray  nozzle  so  as  to  atomize  the  brine  or  water  as  finely  as  possible. 
The  special  advantage  here  is  in  the  washing  of  the  air,  and — for  the 
lower  temperatures — in  the  condensation  of  the  moisture  in  the  air  so 
as  to  make  the  moisture  content  correspond  to  the  dew  point  temper- 
ature without  the  freezing  of  the  moisture  on  the  pipes.  It  has  been 
found  also  that  a  quicker  and  more  satisfactory  cooling  can  be  obtained 


1  See  District  Cooling,  Chapter  XIV, 
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at  times  by  the  use  of  sprays^  due  to  the  intimate  contact  of  the  spray 
with  the  air.  For  example,  in  the  packing  house  where  the  hot  carcasses 
must  be  cooled  quickly,  uniformly,  and  with  least  shrinkage  in  the 
weight,  it  has  been  found  that  the  brine  spray  is  the  best  to  be  used. 
The  spray  deck  is  designed  so  that  the  entire  air  volume  of  the  room  in 
which  the  hot  meats  are  hung  can  be  changed  (or  recirculated)  once  a 
minute  or  once  per  one-half  minute.  The  sprays  drag  the  air  in  the 
direction  of  their  flow  and  the  nozzles  are  so  placed  as  to  provide  a  cur- 
tain of  liquid  through  which  the  air  has  to  pass.  The  air  is  thereby 
cooled  to  the  temperature  of  the  brine  or  of  the  water.  (See  Chapter 
XIV.)  Water  sprays  are  made  use  of  extensively  in  the  cooling  of 
theatres  and  auditoriums,  in  chocolate  and  gelatine  factories,  or  where- 
ever  a  temperature  of  35  degrees  or  more  can  be  employed  with  satis- 
faction. 

There  are  some  industries  which  cannot  permit  the  use  of  ammonia 
in  the  process  plant.  Carbon  dioxide  usually  is  innocuous,  but  carbon 
dioxide  is  not  in  frequent  use  in  the  United  States.  In  England  and  in 
Northern  Europe  the  condensing  water  is  usuall}^  quite  cool  and  the 
result  is  that  carbon  dioxide  can  he  used  with  satisfaction,  and  is  used 
for  about  50  per  cent  of  the  time,  whereas  in  India  and  other  tropical 
countries  with  water  temperatures  in  the  neighborhood  of  100  deg.  F. 
or  higher  the  refrigerant  may  be  sulphur  dioxide  or  ethyl  chloride. 
Where  leaks  of  ammonia  may  cause  considerable  damage,  and  careless 
labor  makes  the  danger  of  accidents  a  live  one  (as  is  the  case  in  some 
industrial  plants)  it  may  be  best  to  use  the  indirect  system,  employing 
of  brine  or  refrigerated  water.  However,  it  must  be  kept  in  mind  that 
the  indirect  brine  system  is  always  operated  at  greater  expense,  as  in 
cooling  brine  for  use  in  refrigerating  piping  the  boiling  temperature  of 
the  ammonia  must  be,  usually,  10  deg.  F.  lower  than  the  boiling 
temperature  of  the  ammonia  when  the  direct  expansion  piping  is  used. 
This  is  because  of  the  double  cooling  that  is  required,  although  when 
sprays  are  used  it  is  doubtful  whether  this  statement  is  strictly  correct. 
The  brine  has  to  be  circulated  (which  also  assists  in  heating  the  brine 
by  an  amount  equal  to  the  heat  equivalent  of  the  power  used),  and  at 
times  this  power  item  is  an  important  one.  In  direct  expansion  the 
liquid  ammonia  will  pass  to  the  expansion  valve  because  of  its  own 
static  pressure  due  to  the  condenser  pressure,  and  the  suction  line,  which 
usually  is  relatively  short,  is  designed  so  as  to  reduce  the  pipe  friction 
loss  to  a  minimum.    Usually  it  is  necessary  to  restrict  the  length  of 

*  With  brine  sprays,  especially  if  the  temperature  is  low,  foaming  may  result,  in 
which  case  the  surface  tension  of  the  brine  needs  to  be  increased.  This  can  be  done 
by  the  addition  of  a  little  kerosene  plus  oleaic  acid. 
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the  suction  return  line,  and  so  when  the  compressor  has  to  be  remote 
from  the  location  of  the  process  requiring  cooling,  the  brine  system  has 
to  be  used. 

Brine  Cooling. — In  cooling  brine  there  is  a  decided  advantage  in 
using  the  shell  and  tube  brine  cooler  (Figs.  170  and  171).    When  well 


Gas  outlet—; 


End  Elevation  of  Cooler  '-"'^''^  '"'^t 
with  Head  Removed  Showing 
Tubes 

Fig.  170. — Shell  and  Tube  Brine  Cooler  for  Eight  Passes. 

designed  and  constructed  it  is  simple,  compact  and  durable,  and  large 
capacity  is  obtained  with  efficiency  of  surface  and  with  little  trouble 
from  leaks.  As  a  rule  a  surface  of  14  to  15  sq.  ft.  per  ton  of  refrigeration 
is  used.    The  construction  is  verv  similar  to  that  of  the  steam  surface 


Fig.  171.— Shell  and  Tube  Brine  Cooler. 


condenser,  and  the  horizontal  return  tubular  boiler.  The  diameter  is 
usually  limited  to  from  48  to  54  in.,  and  the  shell  thickness  varies  from 
i  to  1^  of  an  inch,  depending  on  the  diameter  of  the  shell,  while  the 
tube  sheet  is  usually  |  in.    The  tubes  are  usually  2-in.  normal  diameter, 
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and  are  of  No.  12  gage  charcoal  iron,  and  are  expanded  into  the  tube 
sheet.  The  design  may  permit  a  single  pass  of  the  brine,  as  is  the  case  of 
the  ice-making  installations,  where  the  cooler  is  submerged  in  the  brine 
tank,  or  there  may  be  eight  or  more  passes  by  the  use  of  baffles  in  the 
heads.  As  a  rule  the  number  of  passes  should  be  kept  down  to  six,  for 
one  of  the  advantages  of  the  use  of  the  brine  cooler  is  in  the  high  value 
of  the  coefficient  of  heat  transfer  which  is  due  in  part  to  the  rapid  flow 
of  the  brine  through  the  tubes.  If  the  number  of  passes  becomes  too 
great,  the  resistance  to  the  brine  flow  may  become  excessive  and  costly. 
Examples  are  known  where  the  pressure  difi'erence  between  the  entrance 
and  the  exit  has  been  as  much  as  75  lb.  per  sq.  in. 

Shell  and  tube  coolers  are  liked  because  the  ammonia  part  may  be 
made  very  self-contained.  With  the  possible  exception  of  the  condensers 
(which  may  be  on  the  roof),  the  whole  system  may  be  placed  in  the 
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Fig.  172.— Single  Pass  Brine  Cooler. 
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compressor  room  under  the  eye  of  the  engineer.  The  ammonia  charge 
is  not  so  great  and  the  pressure  drop  from  the  evaporator  surfaces  can 
be  made  almost  inappreciable.  Only  one  expansion  valve  need  be  used 
(per  cooler),  and  the  liquid  is  best  carried  at  about  three  quarters  full. 
A  liquid  trap  can  be  placed  in  the  suction  line  about  six  feet  above  the 
top  of  the  cooler  to  separate  the  Uquid  ammonia  entrained  in  the  suction 
gas,  and  this  liquid  may  be  returned  to  the  cooler  through  a  pipe  fine, 
using  a  goose-neck  connection. 

The  advantages  of  the  horizonal  over  the  vertical  shell  and  tube 
cooler  are  as  follows:  The  ammonia  in  the  horizontal  cooler  does  not  have 
the  free  passage  out  as  does  the  vertical  one,  and  the  hquid  priming  is 
caught  by  the  tubes  which  are  staggered  to  some  extent.  The  head- 
room required  is  not  so  great,  although  more  space  is  required  on  the 
floor,  but  there  is  greater  ease  in  any  repair  work  that  is  necessary. 
These  coolers  should  have  connections  at  the  top  and  the  bottom  for  the 
gage  glass,  an  outlet  at  the  bottom  for  a  blow-off  and  the  liquid  ammonia 
inlet,  and  at  the  top  for  the  gas  outlet  connection.  The  shell  and  the  tube 
brine  cooler  has  the  disadvantage  of  danger  due  to  the  freezing  of  the 
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brine,  and  the  consequent  possible  bursting  of  the  tubes.  It  is  advised 
that  the  calcium  chloride  brine  only  be  used,  because  of  the  much  lower 
freezing  temperature  of  this  brine,  and  that  a  careful  check  be  kept  of 
the  density.  Even  under  these  conditions  the  stoppage  of  the  brine 
pump  may  cause  trouble,  if  the  ammonia  boiling  temperature  is  such  as 
will  be  below  the  freezing  temperature  of  the  brine. 

The  design  of  the  brine  pipe  system  (Figs.  174,  175,  176,  and  177)  is 
not  very  well  standardized.  The  essential  feature  is  to  reduce  the 
pumping  cost  to  a  minimum.  This  means,  wherever  possible,  the  use  of 
an  expansion  tank  at  the  high  point  and  of  a  piping  arrangement  so 
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Fig.  173.— Double  Pipe  Brine  Cooler. 


that  the  brine  operation  in  a  complete  circuit  will  be  of  the  nature  of 
a  syphon.  Under  these  conditions  the  pump  work  consists  only  of  the 
friction  and  velocity  head.  The  static  pressure  on  the  pump,  of  course, 
is  due  to  that  required  to  overcome  friction  plus  the  head  of  brine  from 
the  pump  to  the  expansion  tank. 

Corrosion  of  Brine. — Considerable  attention  has  been  directed 
towards  the  causes,  and  the  means  of  their  reduction,  of  corrosion  in 
the  brine  system.  Corrosion  may  be  the  result  of  a  number  of  causes 
due  to  the  fact  that  all  brines  are  electrolites,  which  under  certain 
conditions  may  stimulate  galvanic  action.  This  galvanic  action  may  be 
caused  by  dissimilar  metals  or  even  by  the  difference  in  the  potential  in 
different  parts  of  the  same  metal  due  to  stresses  developed  in  the  manu- 
facture or  the  assembUng  of  the  material.     Mill  scale  will  sometimes 
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start  corrosion  as  will  also  "stray"  direct  currents  on  their  return  to  the 
generator  in  the  power  plant,  or  the  presence  of  air  in  solution  in  the 
liquid  may  be  the  cause  of  the  trouble. 


Pressure  gauge 


Brine  strainer 
Fig.  174. — Brine  Cooler,  Brine  Tank  and  Pump. 

From  the  preceding  it  is  evident  that  if  corrosion  is  to  be  reduced  to 
a  minimum  these  factors  must  be  removed  or  decreased  in  relative 
importance,  and  such  brine  should  be  used  as  will  give  the  best  results 
for  the  work  being  carried  on.  At  present  there  are  three  brines  in  general 
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Fig.  175. — Typical  Connections  to  Brine  Coils. 


"jse:  the  sodium  or  salt  brine,  the  calcium  chloride  and  the  mixed 
magnesium-calcium  chloride  brines.  Which  of  these  different  kinds  of 
brines  shall  be  used  depends  on  the  kind  of  service  to  be  rendered.    For 
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example,  the  packers  using  spray  nozzles  to  a  large  extent  in  the  chill 
rooms  for  chilling  the  wann  carcasses  employ  salt  brine  practically 
entirely  for  that  service,  because  of  the  greater  "drying"  action  of 
calcium,  its  greater  cost,  etc.  Calcium  chloride  is  used  particularly 
where  low  temperatures  are  desired,  or  where  it  is  thought  that  there  is 
danger  of  the  freezing  of  the  brine  cooler,  in  which  case  there  is  greater 
safety  in  using  a  brine  of  lower  freezing  temperature  than  is  possible 
with  salt  brine. 

According  to  tests  by  Morgan  B.  Smith,  ^  all  brines  should  be  tested 

'  Morgan  B.  Smith,  A.  S.  R.  E.,  1911: 

"The  protection  of  refrigerating  apparatus  against  corrosion  involves  three  main  heads,  the 
metallic  apparatus,  the  brine  solution  and  the  relation  of  the  refrigerating  apparatus  proper  to  the 
other  apparatus  in  the  vicinity,  especially  with  regard  to  the  generation  of  electrical  current.  With 
regard  to  the  refrigerating  apparatus,  several  factors  must  be  considered,  i.e.,  first,  the  nature  of 
the  metals  used  with  consideration  of  their  ability  alone  to  resist  corrosion,  and  their  tendency  in 
combination  to  set  up  galvanic  action  and  induce  corrosion;  second,  the  design  of  the  apparatus 
and  the  general  workmanship  in  assembling  the  varied  elements  which  go  to  form  the  finished 
plant. 

"The  nature  of  the  metals  used  and  their  combination  is  worthy  of  very  close  study  as  both 
practice  and  experimentation  have  proved.  For  example,  if  we  place  two  electrically  dissimilar 
metals,  such  as  brass  and  iron,  in  a  brine  solution  an  electric  current  is  at  once  set  up — such  a 
current  passing  from  the  iron  to  the  brass  through  the  brine  solution.  The  action  of  this  current 
is  such  that  the  iron  gradually  passes  into  solution  and  subsequently  is  oxidized  to  form  the  familiar 
oxide  called  rust.  The  solution  of  the  iron  in  such  a  case  may  take  years.  On  the  other  hand,  it 
may  take  a  much  shorter  time,  for  the  rapidity  with  which  such  a  reaction  takes  place  varies  directly 
with  the  magnitude  of  the  current  set  up.  This  is  equally  true  of  the  combination  of  any  elec- 
trically dissimilar  metals,  only  varying  with  the  relative  degree  of  dissimilarity  in  the  metals  used, 
and  for  this  reason  it  is  perfectly  obvious  that  but  one  metal  should  be  used  as  far  aa  possible  in 
refrigerating  plants. 

"  Not  only  should  but  one  metal  be  used  aa  far  as  possible  but  that  metal  should  be  of  the  greatest 
possible  purity,  for  impurities  in  metals  act  in  much  the  same  manner  as  do  two  dissimilar  metals 
mechanically  combined.  This  is  especially  true  of  cast  iron,  which  is  frequently  destroyed  by  the 
numerous  local  currents  set  up  between  the  iron  and  its  impurities  leaving  the  casting  in  a  charac- 
teristic graphitic  condition.  It  is  well  at  this  time  to  consider  a  widely  used  combination  of  two 
electrically  dissimilar  metals,  namely,  galvanized  iron. 

"  Zinc  rrsists  corrosion  in  a  brine  solution  if  no  electrically  dissimilar  metal  be  present.  If, 
however,  iron  is  present  the  zinc  will  go  into  solution,  thereby  protecting  the  iron  as  long  as  zinc 
is  present  in  sufficient  amounts.  Therefore  it  is  plain  that  galvanized  iron  should  never  be  used 
excepting  when  of  the  very  best  quality,  in  which  no  iron  is  present  that  is  exposed  to  the  brine. 
When  galvanized  iron  does  show  iron  exposed  at  pin  holes,  or  along  seams  where  bending  has 
cracked  the  zinc  film  it  is  next  to  worthless  in  brine  solutions,  for  sooner  or  later  all  the  zinc  will 
be  stripped  off  leaving  the  iron  bare.  As  there  is  evidence  that  the  highest  grade  of  iron  is  not 
used  in  the  manufacture  of  galvanized  iron,  it  is  plain  that  the  iron  itself  will  be  more  liable  to 
corrosion  than  would  a  plain  iron  apparatus  of  a  high  grade  of  purity.  It  is  doubtful,  therefore, 
if  galvanized  iron  ever  should  be  used  since  it  seems  almost  impossible  to  construct  apparatus  of 
this  material  so  that  only  zinc  will  be  exposed  to  the  brine  solution. 

Many  alloys  resist  corrosion  to  a  marked  degree,  especially  the  bronzes.  Alloyed  copper  in 
iron  tends  to  retard  corrosion,  whereas  unalloyed  copper  in  iron  greatly  hastens  corrosion.  (Eng. 
News,  Aug.  3,  1911.)  From  the  foregoing  facts  it  is  very  evident  that  as  far  as  practical  one 
homogeneous  metal  only  should  be  used  in  the  construction  of  apparatus. 

"  The  design  of  apparatus,  especially  of  fittings  and  piping,  is  very  important  and  is  generally 
wholly  neglected.  When  a  piece  of  metal  is  strained  an  electrical  difference  of  potential  is  at  once 
set  up  between  the  strained  and  the  unstrained  portions,  and  it  is  the  strained  portion  which  is 
attacked  and  eventually  destroyed.  This  state  of  affairs  is  exemphfied  in  the  case  of  threaded 
pipe  ends,  engaging  fittings,  the  pipe  ends  being  strained  while  the  remainder  of  the  pipe  is 
unstrained.  There  can  be  no  doubt  whatever  that  this  state  of  strain  in  pipe  ends  is  largely  respon- 
sible for  the  failure  of  piping  at  the  threaded  portions.    This  is  almost  equally  true  of  fittings  which. 
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from  time  to  time  for  acidity,  as  acidity  increases  very  greatly  the 
process  of  corrosion.  In  general  he  advises  the  use  of  some  alkali  like 
lime  (CaO)  or  caustic  soda,  or  the  use  of  a  bag  of  lime  suspended  in  the 
tank  or  at  some  other  convenient  location.  In  his  opinion,  "the  least 
corrosive  chloride  is  that  calcium  chloride  which  contains  as  small  an 
amount  of  magnesium  and  sodium  chloride  and  the  least  practical 
amount  of  water."  He  also  says  that  there  is  no  longer  any  doubt  that 
magnesium   and   sodium   chloride  increase   corrosion   when  present  in 

however,  generally  have  so  much  more  metal  remaining  after  the  threads  are  cut  that  the  strain 
caused  in  them  when  making  up  joints  cannot  be  so  great  as  it  is  in  piping  where  comparatively 
little  metal  is  left  after  threading.  There  are  a  number  of  instances  where  pipe  trouble  has  been 
eliminated  by  the  use  of  piping  and  fittings  of  extra  weight,  so  that  after  the  threads  are  cut  there  is 
left  an  abundance  of  metal  sufficient  to  withstand  the  making  up  of  joints  without  undue  strain. 

"Air  is  one  of  the  great  accelerators  of  corrosion,  and  it  is  very  essential  to  see  that  no  air  pockets 
can  form  in  the  apparatus,  especially  in  the  piping.  .\11  high  points  in  the  piping  and  each  piece 
of  apparatus  as  far  as  practicable  should  be  provided  with  suitable  vents  so  that  any  trapped  air 
can  be  withdrawn  from  time  to  time.  If  an  air  pocket  does  exist  for  some  time,  corrosion  soon 
makes  itself  evident,  and  if  allowed  to  go  on  will  eventually  cause  failure  at  the  point. 

"We  may  now  consider  the  brine  solution  to  be  used.  Since  the  brine  is  made  up  by  dis- 
solving certain  chlorides  in  water,  it  is  very  evident  that  the  nature  of  the  water  is  sure  to  affect 
the  resulting  brine  solution.  Water  containing  acid  of  any  description  should  never  be  used,  since 
the  resulting  brine  will  also  be  acid.  An  acid  brine  is  far  more  corrosive  than  an  alkaline  or  a  neutral 
brine. 

".^8  a  matter  of  fact  all  brine  solutions  should  be  tested  from  time  to  time  for  acidity,  and  if 
found  to  be  acid  should  be  neutralized  at  once  with  some  alkali  such  as  lime  or  caustic  soda. 
Sufficient  alkali  should  be  added  to  make  the  brine  distinctly  alkaline  towards  a  suitable  indicator. 
The  best  indicator  for  such  purpose  is  phenol-phthalein.  This  is  made  up  by  dissolving  phenol- 
phthalein  in  alcohol — about  one-half  ounce  in  two  quarts — and  adding  to  the  solution  two  quarts 
of  distilled  water.  Another  good  indicator  which  may  be  used  is  methyl-orange,  which  turns 
yellow  on  adding  brine  if  the  brine  is  alkaline  and  red  if  the  brine  is  acid.  When  making  up  the 
brine  it  is  well  to  avoid  saturating  the  brine  with  air,  for  brine  saturated  with  air  is  far  more 
corrosive  than  brine  carrying  only  a  minimum  amount  of  air  in  solution.  Brine  should  never  be 
agitated  with  an  air-blast,  nor  should  it  be  allowed  to  fall  through  the  air  into  tanks  as  is  often 
the  case  with  return  brine.  Return  brine  is  often  very  nearly  saturated  with  air  in  just  this  manner. 
As  for  the  strength  of  the  brine  and  the  temperature  it  is  certain  that  the  greater  the  concentration 
and  the  lower  the  temperature  the  less  likely  is  the  brine  to  assist  corrosion. 

"The  selection  of  chloride  to  use  in  making  up  the  brine  solution  is  no  longer  a  serious  problem 
since  practice  and  experimentation  have  proved  the  truth  of  the  assertion  that  the  most  economical 
and  the  least  corrosive  chloride  is  that  calcium  chloride  which  contains  as  small  an  amount  of 
magnesium  chloride  and  of  sodium  chloride  as  possible,  and  the  least  practicable  amount  of  water, 

"There  is  no  longer  any  doubt  that  magnesium  chloride  and  sodium  chloride  in  calcium  chloride 
brine  materially  increase  the  corrosiveness  of  the  resulting  brine,  compared  with  a  brine  containing 
practically  no  chloride  other  than  calcium  chloride.  This  is  especially  true  if  the  brine  containing 
magnesium  chloride  becomes  acid  through  the  unstable  nature  of  magnesium  chloride. 

"  I  have  been  asked  whether  ammonia  present  in  brine  would  increase  the  corrosiveness  of  the 
brine.  Experience  of  long  duration,  in  which  the  ammonia  contr^nt  of  the  calcium  chloride  brine 
in  question  was  maintained  at  a  constant  value,  shows  that  ammonia  tends  to  rctar.l  rather  than 
to  hasten  it,  when  present  in  sufficient  amount. 

"  In  addition  to  the  eiTect  of  galvanic  action  caused  by  different  materials  in  the  system  corrosion 
may  be  greatly  hastened  by  the  action  of  stray  electric  currents  which  find  a  way  into  the  refriger- 
ating apparatus  from  which  they  pass  to  some  neighboring  metallic  circuit  or  directly  to  the  ground. 
If  the  refrigerating  apparatus,  in  whole  or  in  part,  is  positive  in  electrical  potential  towards  the 
ground  we  may  be  sure  that  some  stray  electric  current  is  finding  its  way  into  the  apparatus,  and 
that  corrosion  is  being  hastened  in  proportion  to  the  magnitude  of  the  stray  current.  It  is  said 
that  a  difference  of  potential  of  1  / 1000  volts  is  all  that  is  required  to  start  corrosion  two  miles 
from  the  dynamo.  It  is  a  wise  precaution,  therefore,  to  see  that  direct  current  apparatus  of  all 
sorts  is  properly  insulated  so  that  it  will  not  be  a  continual  menace  to  the  refrigerating  engineer 
and  his  plant." 


CORROSION   OF  BRINE 


261 


calcium  brine.  This, 
he  says,  is  on  ac- 
count of  the  un- 
stable nature  of 
magnesium  chlor- 
ide, which  tends 
to  become  acid  and 
cannot  be  made 
alkaline. 

Emerson  P. 
Poste"^  says,  as  a 
result  of  his  own 
experiments,  "es- 
sentially pure  calci- 


n  Brine  return  closed  system 


Brine  return 
open  system 


Valves 


Brine  feed  to 
water  cooler  open 
—  system 

11        O^ressure  Gauge 


Brine  pump 
Motor 


Check  valve- 
D.  P.  Brine  coolers 
Thermometer 
Valves 


Fig.  176. — Typical  Connections  to  Brine  Pump. 


Warm  brine  inlet 


XcOj  inlet 
Fig.  177.— Shell  and 
for  Carbon 


Cold  brine  outlet 


um  chloride  is  alkaline  when  first 
made  but  it  turns  acid  on  exposure 
to  air.  With  this  acidity  comes  a 
marked  increase  in  the  corrosive 
action.  The  acidit}^  is  materially 
increased  by  the  presence  of  mag- 
nesium chloride,  as  the  result  of 
the  earlier  development  of  acidity 
and  the  formation  of  corrosive 
ammonium  chloride  in  the  case  of 
emmonia  leaks.  Contact  of  unlike 
metals  and  the  presence  of  these 
impurities  accelerate  these  electric 
tendencies.  The  corrosive  action 
of  brine  decreases  with  increasing 
brine  density.  Chlorides  are  on 
the  market  which  are  contaminated 
with  magnesium  chloride,  though 
first-class  materials  are  available 
both  as  soda  by-product  and  nat- 
ural chlorides.  Corrosive  brines 
free  from  magnesium  chlorides  may 
be  corrected  by  treatment  with  lime 
if  the  alkahnity  produced  is  main- 
tained above  0.1  per  cent. 

"  The  careful  plant  manager  who 


Coil  Brine  Cooler         <  Emerson     P.    Poste,     Milk    Dealer, 
Dio.xide.  January,  1923. 
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is  interested  in  avoiding  operating  irregularities,  in  keeping  his  equip- 
ment in  the  best  of  condition  and  in  getting  the  most  out  of  it  will 
use  only  the  best  of  chloride  in  making  his  brine,  will  keep  the  gravity 
approaching  1.2,  will  hang  a  bag  of  lime  in  his  brine  tank  and  maintain 
therein  a  good  supply  of  material,  and  will  avoid  unnecessary  contact 
between  the  brine  and  the  air."  Fig.  178,  taken  from  these  experi- 
ments, shows  the  relative  rates  of  corrosion. 

The  presence  of  ammonia  in  the  brine  caused  by  ammonia  leaks 
frequently  causes  considerable  concern  other  than  because  of  the  loss  of 

the  ammonia.  Morgan  B.  Smith 
claims  that  experiments  of  long 
duration,  during  which  time  the 
ammonia  content  was  maintained 
constant,  show  that  ammonia 
tends  (as  has  been  said  before) 
to  retard  rather  than  to  hasten 
corrosion.  Of  course,  in  the  case 
of  ammonia  pipe  leaks,  the  thing 
to  do  is  to  stop  the  leaks.  Much 
ammonia  in  the  brine  will  prob- 
ably remove  the  galvanizing  from 
the  cans  (if  the  brine  is  in  an  ice 
tank),  but  after  this  is  removed 
the  corrosion  will  stop  unless  am- 
monium chloride  is  formed  as 
it  will  if  magnesium  chloride  is 
present.  Sal  ammoniac  will  accelerate  corrosion  of  iron  and  steel. 
If  ammonium  chloride  is  not  formed  it  woidd  not  seem  that  any  great 
harm  is  caused  by  the  presence  of  an  alkaline  brine  occasioned  by 
the  presence  of  ammonia. 

Too  much  alkalinity  is  undesirable  where  galvanized  coatings  form  a 
large  part  of  the  metal  exposed  to  its  action,  ^  as  would  be  the  case  in 
can  ice  freezing  tanks.  Experiments  prove  that  commercial  calcium 
chlorides  now  on  the  market  show  decided  corrosive  action  due  to  their 
high  soluble  alkalinity,  but  weak  brines  show  more  action  than  do  the 
stronger  brines  of  the  same  degree  of  alkalinity.  Weak  brines  with 
ammonia  or  ammonium  chloride  present  tend  to  increase  the  amounts  of 
corrosion.  ^ 

'  Arthur  C.  White,  Industrial  and  Engineering  Chemistry,  May,  1925. 

^  As  the  ice  can  is  always  galvanized,  galvanic  action  is  always  present  if  the  brine  I 
is  acid.  In  this  case  it  has  been  shown  by  A.  C.  White  that  "the  action  of  calcium 
chloride  brine  on  galvanized  coatings  is  such  that  the  galvanizing  can  be  saved  by 
having  the  least  alkalinity  possible,  and  that  neutral  brines  have  the  least  effect," 


^.5    .4    .3    .2 
Alkalinity 
(In  terms  of 
free  lime) 


.2    .3    .4 

Acidity 

(In  terms  of  free 

hydrochloric  acid) 


Fig.  178. — Relative  Corrosion  of  Brine 
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Should,  however,  it  be  decided  to  remove  the  ammonia  from  the 
brine  it  is  most  probable  that  heating  the  brine  will  be  found  to  be  the 
only  practical  method.  In  the  larger  plants,  where  care  is  taken  in  details, 
and  the  brine  is  kept  alkaline  and  not  permitted  to  get  weak  or  to  absorb 
air,  corrosion  should  not  be  great  with  any  kind  of  brine,  and  at  times 
the  cheap  brine  (if  much  brine  has  to  be  wasted)  with  some  corrosion 
will  be  found  to  be  more  economical  than  the  more  expensive  kind  that 
is  not  so  corrosive. 
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Fig.  179. — Tests  on  Corrosion  of  Calcium  Chloride  Brine. 

Figure  179  shows  the  results  of  tests  by  C.  A.  Cole  in  the  laboratory 
of  the  Senet-Solway  Companj^  Twelve  series  of  experiments  were  run 
at  the  same  time,  each  series  being  made  up  of  10  tests  under  the  same 
conditions.  In  each  test  a  3-in.  piece  of  |-in.  pohshed  iron  taken  from 
the  same  rod  was  completely  submerged  in  100  c.c.  of  solution.  The 
iron  had  an  analysis  of  1.17  per  cent  C,  Mn  and  Si  nearly -j^^-  per 
cent,  and  S  0.06  per  cent.  These  results  showed  that  corrosion  decreased 
with  the  concentration.  The  solution  should  be  alkaline  and  should  not 
be  exposed  to  air  or  to  CO2  in  the  air.    As  magnesium  chloride  solution 
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cannot  be  made  arkaline,  such  solutions  are  objectionable  because  of 
the  increased  corrosion.  Finally,  brine  solutions  should  not  contain  any 
considerable  amounts  of  three  constituent  salts. 
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Fig.  180. — Resistance  to  Flow  of  Water  in  Pipes. 
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Report  of  the  Corrosion  Committee. — The  report  of  the  Corrosion 

Committee*^"  is  abstracted  as  follows: 

*"  Report  of  the  Corrosion  Committee,  Refrigerating  Engineering,  Jan.,  1927,  by 
Russell,  Roberts  and  Chappell. 
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For  Closed  Brine  Systems.—  Use  may  be  made  of  sodium  dichromate 
(Na2Cr207 +21120)  and  sufficient  sodium  hydrate  to  convert  the 
dichromate  to  chromate.  For  calcium  chloride  brine  use  100  lb.  of 
dichromate  per  1000  cu.  ft.  of  brine  and  add  35  lb.  of  7G  per  cent  caustic. 
For  sodium  brine  use  200  lb.  of  dichromate  per  1000  cu.  ft.  of  brine 
and  add  70  lb.  of  76  per  cent  caustic.  The  brine  should  be  slightly 
alkaline  after  adding;  the  salt  and  the  caustic. 

Open  Brine  Systems.—  For  sodium  chloride  brines  use  di-sodium 
phosphate  (Na2HP04  +  12H20)  at  the  rate  of  100  lb.  per  1000  cu.  ft. 
of  brine.  The  brine  must  not  be  too  alkaline.  Test  for  alkalinity  with 
phenolphthalein  and  if  it  shows  pink  hydrochloric  acid  is  to  be  added. 
Test  strips  of  bright  iron  or  steel  should  be  suspended  in  the  brine  in. 
order  to  note  the  rate  of  corrosion. 

Zinc  Dust.— Zinc  dust  may  be  used  to  advantage  in  open  calcium 
chloride  systems  at  the  rate  of  60  lb.  of  zinc  dust  per  1000  cu.  ft.  of  the 
brine.     A  little  should  be  added  at  a  time. 

Condensers. — For  fresh  water  recirculating  condenser  systems  use 
17  lb.  of  40  degree  silicate  per  day  per  1000  cu.  ft.  of  make  up  water. 
The  water  should  test  pink  with  phenolphthalein  one  hour  after  adding 
the  silicate. 

Friction  to  Flow  of  Brine. — The  laws  underlying  the  resistance  to 
flow  of  brines  have  been  given  very  little  attention.  The  only  published 
information  on  the  subject  is  a  paper  by  Professor  A.  H.  Gibson''  of  the 

^  A.  H.  Gibson,  The  Resistance  to  the  Flow  of  Brine  Solutions  through  Pipes, 
The  Institute  of  Mechanical  Engineering,  Feb.,  1914. 

Lord  Raleigh  has  shown  that  the  resistance  to  flow  of  a  non-compressible  fluid 
can  be  given  by: 


where 


*(."^) 


R  oc  pv'^(p{  —  lib.  per  sq.  ft.  of  surface, 

\pvd^ 


p  =  the  density  of  the  fluid  in  pounds  per  cubic  foot; 
fM  =  coefficient  of  viscosity  of  the  fluid  in  foot-pound  units; 
V  =  mean  velocity  of  flow; 
d  =  diameter  of  the  pipe; 


must  be  found  by  experiment. 


Osborne  Reynolds  found  by  experiment  for  water  flowing  in  pipes 

R  cc  pv^l  —  I        lb.  per  sq.  ft.  of  surface. 
\pvd/ 


Footnote  continued  on  page  266. 
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University  College,  Dundee.    Dr.  Gibson  states  that,  as  pointed  out  by 
Reynolds,  with  a  rough  pipe  the  frictional  head  loss  is  independent  of 
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Fig.  181. — Gibson's  Multiplying  Factors  for  Brine. 


viscosity  and  that  for  velocities  above  the  critical  the  resistance  to  flow 
is  proportional  directly  to  the  densities.    Using  a  Reynolds'  number  of 

Putting  h  =  the  loss  of  head  in  a  pipe  of  length  Z,  expressed  in  terms  of  feet  of  a 
column  of  the  fluid  flowing  then  as 

F  cc  R  X  the  wetted  surface, 

^  7rd=      /  M  y-"  „ 

hp cc  pv'^i  — •  irdl, 

4  \pi>d/ 


or, 


h 


lit. 


Therefore  different  fluids  with  identical  values  for  the  index  n  will  be  related  accord- 
ing to 

hi        (Wi' 

h,  '' 


—  )  ,     where    w  =  ^, 

02/  p 


and  at  identical  velocities, 


1  ^  My-" 

2  \W2/ 
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1.9  for  all  pipes,  Dr.  Gibson  calculated  multiplying  factors  for  salt  and 
calcium  brine.  These  factors  are  to  be  the  multipliers  of  the  friction 
head  of  water  at  59  deg.  F.  The  head  lost  by  water  is  shown  in  Fig.  180, 
and  the  multiplying  factor  is  given  in  Fig.  181.  However,  the  results 
given  in  these  curves  appear  to  be  large  by  an  amount  varying  from 
10  to  20  per  cent. 

Concrete  Brine  Tanks. — The  concrete  brine  tank  can  be  used  to 
advantage  at  times.  According  to  Boyden,  ^  a  mixture  of  1  :  2  :  4  under 
30  ft.  of  water  is  waterproof.  The  concrete  must  be  made  of  fine  clear 
sand  and  hard,  durable  crushed  rock  or  screen  gravel,  graded  from 
J  in.  to  1  in.  The  water  should  be  pure  and  about  6  gal.  per  sack  of 
Portland.  Use  a  mixture  of  1  :  H  :  3,  and  if  possible  pour  all  at  once. 
The  inside  should  be  finished  in  rich  mortar  rubbed  in  with  a  brick. 
The  tank  must  be  kept  free  of  other  construction  and  the  ground 
underneath  should  be  guarded  against  freezing. 

8  H.  C.  Boyden,  Journal  A.  S.  R.  E.,  January,  1921. 
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TABLE  68 

Capacities  of  Double-Pipe  Brine  Coolers,  1;-In.  and  2-In.  Pipe,  10  Ft.  and 
20  Ft.  Long  Over  All,  Specifications,  Weights 


Pipes 
High 


Effective 
Surface 


Effective 

Surface 

When 

Submerged 


Height  over 

Top  Pipe, 

Inches 


Height 

over  All, 

Inches 


Full 
Weight 

Pipe, 
Weight 


Extra 

Heavy 

Pipe, 

Weight 


Add 

for 

Soldering 

Joints, 

Dollars 


10-ft. 

coils 

4 
6 
8 

15.0 
19.5 
26.0 

19.2 
27.8 
38.2 

24 
32 
40 

33 
39 

47 

550 

750 

1000 

610 

840 

1120 

12 
17 
22 

10 
12 
14 

32.5 
39.0 
45.5 

48.0 
57.6 
67.2 

48 
56 
64 

63 
71 

79 

1250 
1500 
1750 

1400 
1680 
1960 

28 
33 
39 

16 
18 
20 

51.5 
58.2 
64.9 

77.0 
86.5 
96.0 

72 
80 

88 

87 
95 
113 

2000 
2250 
2500 

2220 
2500 
2800 

44 
49 
54 

20-ft. 

coils 

4 
6 
8 

30.4 
45.6 
61.0 

44.4 
66.6 
89.0 

24 
32 
40 

33 
39 
47 

720 
1080 
1440 

900 
1320 
1760 

11 
17 
22 

10 
12 
14 

76.5 

91.0 

106.5 

111.0 
133.2 
155.5 

48 
56 
64 

63 
71 
79 

1800 
2130 
2500 

2200 
2620 
3000 

28 
33 
37 

Gas  and  liquid  valves  included  with  each  coil.     No  headers  included. 


TABLE  69 

Capacities  of  Double-Pipe  Brine  Coolers,  2-In.  and  3-In.  Pipe,   10   Ft.   and 
20-Ft.  Long  Over  All,  Specifications,  Weights 


Pipes 
High 


Effective 
Surface 


Effective 

Surface 

When 

Submerged 


Height  over 

Top  Pipe, 

Inches 


Height 

over  All, 

Inches 


Full 
Weight 

Pipe, 
Weight 


Extra 

Heavy 

Pipe, 

Weight 


Add 

for 

Soldering 

Joints, 

Dollars 


10-ft. 

coils 

2 
4 

6 

10.5 
21.0 
31.5 

14.4 
28.8 
43.2 

12 
24 
36 

20 
32 
44 

430 

820 

1250 

570 
980 
1450 

7 
12 

17 

8 
10 
12 

42.0 
52.5 
63.0 

57.5 
72.0 
86.5 

48 
60 
72 

56 

68 
80 

1650 
2000 
2400 

1930 
2400 
2880 

22 
28 
33 

14 
16 
18 
20 

73.5 

84.0 

94.2 

105.0 

101.0 
115.0 
129.0 
144.0 

84 

96 

108 

120 

92 
104 
116 
128 

2820 
3220 
3620 
4050 

3360 
3840 
4320 
4800 

39 
44 
49 
54 

20-ft. 

coils 

2 
4 
6 

23.0 
46.0 
69.0 

31.5 
63.0 
94.5 

12 
24 
36 

20 
32 
44 

680 
1320 
1960 

845 
1660 
2460 

7 
12 

17 

8 
10 
12 

92.0 
115.0 
138.0 

126.0 
157.6 
189.1 

48 
60 
72 

56 
68 
80 

2600 
3240 
3880 

3300 
4100 
4950 

22 
28 
33 

14 
16 

18 
20 

161.0 
184.0 
207.0 
230.0 

220.5 
252.0 
283.6 
315.2 

84 

96 

108 

120 

92 
104 
116 

128 

4560 
5200 
5840 
6480 

5760 
6600 
7400 
8200 

39 
44 
49 
54 

Gas  and  liquid  valves  included  with  each  coil, 
for  brine  valves  and  headers  75  lb.  per  coil. 


Add  for  gas  and  liquid  headers  40  lb.  per  coil; 
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TABLE  70 

Capacities  of  Multipass  Shell  and  Tube  Brine  Coolers,  SpECiFirjATioNs, 

Weights 


Length 

Diameter 

Num- 
ber 

Diameter, 

over 

Number 

Number 

Thickness 

Thickness 

of  Brine 

Effective 

Weight. 
Pounda 

Inside, 

Tube 

of  2-In. 

of  Brine 

of  Shell, 

of  Heads, 

Connec- 

Tube 

in  Inches 

Heads, 

Tubes 

Passes 

Inches 

Inches 

tions, 

Surface 

Inches 

Inches 

1 

26 

6 

60 

12 

i      . 

3i 

172 

2,750 

2 

26 

9 

60 

1— 

8 

3h 

257 

3,400 

3 

26 

12 

60 

12 

a 

3i 

344 

4,050 

4 

34 

9 

96 

12 

A 

4 

410 

5,900 

5 

34 

12 

96 

12 

YS 

4 

545 

7,275 

6 

34 

18 

96 

12 

A 

4 

820 

8,650 

7 

42 

12 

176 

10 

8 

6 

998 

10,800 

8 

42 

18 

176 

10 

A 

6 

1498 

14,250 

Head  i 

n  feet  and 

correspon 

ding  pour 

ds  per  square  inch  for 

given  brine  velocities 

(Feet 

jer  minute 

75 

150 

200 

300 

400 

500 

Ft. 

Lb. 

Ft. 

Lb. 

Ft. 

Lb. 

Ft. 

Lb. 

Ft.             Lb. 

Ft. 

Lb. 

1 

.56 

.24 

2.1 

9.1 

3.5 

1.5 

7.C 

3.3 

13.0            5.7 

20.0 

8.7 

2 

.75 

.32 

2.8 

1.2 

4.6 

2.0 

9.S 

4.3 

17.0            7.4    26.0 

12.0 

3 

1.0 

.43 

3.5 

1.5 

5.7 

2.5 

12. C 

5.2 

20.0            8.7    33.0 

15.0 

4 

.75 

.32 

2.8 

1.2 

4.6 

2.0 

9.S 

4.3 

17.0            7.4    26.0 

12.0 

5 

1.0 

.43 

3.5 

1.5 

5.7 

2 . 5 

12.0            5.2 

20.0            8.7    33.0 

15.0 

6 

1.5 

.65 

4.8 

2.1 

8.0 

3.5 

17.0            7.4 

28.0          12.1 

45.0 

20.0 

7 

1.0 

.43 

3.3 

1.4 

5.6 

2.4 

11.0            4.8 

19.0            8,2 

32.0 

14.0 

8 

1.4 

.61 

4.6 

2.0 

8.0 

3.5 

16.0            7.0 

27.0          12.0 

44.0 

19.0 

To  U.sE  Capacity  Table 
Given:    Temperature  of  room  or  substance  to  be  cooled  =  32  degrees 

Tons  refrigeration  required  =   50 

Assume:  Standard  Ammonia  Suction  pressure  of  16  lb.,  corresponding  to  0  deg.  F.  From  5  deg. 
to  10  deg.  temperature  difference  should  be  assumed  between  ammonia  and  brine 
leaving  cooler  and  between  brine  entering  cooler  and  temperature  of  room.  Using 
10  deg.  for  this  case  gives: 

Temperature  of  brine  entering  cooler  =  22  degrees 
Temperature  of  brine  leaving  cooler     =   10 

22  +  10 
Mean  temperature  difference  of  brine  and  ammonia  =  ; —  0  =   16  deg. 

Note — Weirhts  include  Ammonia  Safety  Relief  valve,  Liquid  Gage,  Pressure  Gage,  Gas  and 
Liquid  Valves  and  C.  I.  supports — no  Brine  Valves  included.  Cooler  Shells  are  made  of  flange  steel 
and  Tubes  are  genuine  Charcoal  Iron  Boiler  Tubes. 

From  Table:  Next  select  a  brine  velocity  which  will  be  most  suitable  from  all  viewpoints,  such  as 
first  cost  of  cooler  and  brine  pump,  and  power  required  for  pumping  brine.  Assum- 
ing 400  ft.  per  minute  brine  velocity  through  cooler;  for  50  tons  refrigeration  under 
the  conditions  stated  one  finds  in  the  table  under  15  degrees  meJn  temperature 
difference  that  a  34-in.  by  9-ft.  cooler  has  a  capacity  of  51  tons  of  refrigeration. 
The  head  in  feet  and  corresponding  pounds  per  square  inch  from  table  above  =  17 
ft.  or  7.4  lb.  per  square  inch  to  overcome  friction  or  resistance  to  flow  through  cooler. 
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CHAPTER  IX 
THE  WATER  SUPPLY 

Heat  removed  by  the  Condenser. — With  the  exception  of  the  house- 
hold refrigerating  machine,  which  is  air  cooled  in  the  majority  of  cases, 
all  refrigerating  machines  use  a  water  cooled  condenser  in  order  to  absorb 
the  heat  which  must  be  removed  at  the  upper  temperature  in  order  to 
liquefy  the  refrigerant  again.  The  quantity  of  heat  requiring  to  be 
removed  theoretically  is  equal  to  the  refrigerating  effect  plus  the  work 
done  on  the  refrigerant  by  the  compressor,  provided  an  expansion  cylin- 
der instead  of  the  pressure  reducing  valve  is  used.  In  practice  this 
statement  is  not  correct,  because  of  the  use  of  the  irreversible  throttling 
process  and  because  of  the  heating  effect  of  the  compressor  which  means 
that  more  work  is  done  on  the  gas  than  would  be  necessary  with  non- 
condensing  cylinder  walls.  As  dry  compression  is  used  in  America 
almost  entirely,  the  temperature  of  discharge  from  the  compressor  is 
frequently  quite  high,  as  high  as  300  deg.  F.  with  certain  operating 
pressures.  If  the  condenser  is  on  the  roof,  a  large  amount  of  this  super- 
heat is  lost  to  the  atmosphere  before  the  gas  reaches  the  condenser, 
whereas  self-contained  units  and  particularly  the  shell  and  tube  design 
of  condenser  with  a  short  nm  to  the  compressor  will  lose  very  little 
superheat  before  the  gas  reaches  the  condenser.  The  result  is  that  the 
condensing  water  has  to  absorb  an  amount  of  heat  varying  from  220  to 
300  B.t.u.  per  ton  of  refrigeration  per  minute. 

The  amount  of  water  to  be  used  in  the  plant  varies  with  operating 
and  economic  conditions.  As  already  noted  (Chapter  II),  the  condenser 
pressure,  the  pressure  corresponding  to  the  temperature  of  liquefaction, 
affects  the  horse  power  per  ton  of  refrigeration  and  also  the  capacity  of 
the  compressor.  It  is  therefore  desirable  to  reduce  the  condenser  pressure 
as  much  as  it  is  compatible  with  economy  of  operation,  whence  it  is  ob- 
vious that  one  may  either  use  a  large  amount  of  water  that  will  be  raised 
but  a  few  degrees  in  temperature  or  employ  a  small  amount  of  water  to  be 
raised  in  temperature  a  relatively  large  number  of  degrees.  Referring 
to  Table  75,  ^  the  theoretical  values  of  the  amount  of  water  required  are 

1  The  Electrically  Operated  Ice  Plant,  Sloan,  Journal  of  Am.  Soc.  Refrigerating 
Engineers. 
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listed  for  various  initial  temperatures  and  number  of  degrees  rise  of 
temperature  of  the  water.  Whether  deep  well,  cooling  tower  or  spray 
nozzle  water  is  used  a  certain  amount  of  pumping  is  required,  and  the 
amoimt  of  this  pumping  is  justified  differently  in  each  type  of  installa- 
tion. This  point  is  well  brought  out  by  a  chart  of  the  heat  absorbed  by 
the  condenser  water,  as  shown  in  Fig.  182. 

In  Fig.  182  the  ordinates  are  condenser  pressures,  and  the  abscissa 
are  the  heat  removed  (assuming  adiabatic  compression  and  dry  saturated 
gas  entering  the  compressor)  per  ton  of  refrigeration  per  minute.  The 
number  of  gallons  of  condensing  water  can  be  found  also  from  the  scale 
on  the  right-hand  side  of  the  chart.  As  an  example  of  the  use  of  the 
diagram  take  standard  conditions  of  operation,  which  are  86  degree 
condenser  and  5  degree  evaporator  temperatures  (corresponding  to 
154.5  lb.  and  19.6  lb.  gage,  respectively,  for  ammonia)  from  which  the 
heat  to  be  removed  is  found  to  be  241  B.t.u.  per  ton  per  minute.  Taking 
a  ten-degree  rise  of  water  temperature  this  condition  can  be  obtained,  as 
regards  condenser  and  suction  pressure,  with  the  use  of  2.9  gal.  of  water 
per  minute  at  an  initial  temperature  of  70  deg.  Assuming  instead  a 
5-degree  rise  and  5.8  gal.  per  ton  of  refrigeration  per  minute,  the  new 
condenser  pressure  will  be  (still  assuming  that  there  is  no  air  or  other 
non-condensible  gas  present)  that  corresponding  to  70  +  5  +  5  = 
80  deg.  F.,  or  138.3  lb.  gage.  Therefore,  doubling  the  amount  of  water 
has  had  the  effect  of  reducing  the  head  pressure  16.2  lb.  and  the  horse 
power  per  ton  of  refrigeration  (Fig.  182)  from  about  1.29  to  about  1.15. 
In  some  cases  the  use  of  a  lai'ge  amount  of  water  wall  be  found  to  be 
justified,  especially  if  the  total  cost  of  pumping,  plus  the  overhead  due  to 
the  piping  and  machinery,  the  sprays  or  the  cooling  tower,  if  such  have 
to  be  used,  is  not  very  large.  As  a  rule  when  the  condenser  pressure  gets 
over  175  lb.  gage,  it  is  wise  to  increase  the  volume  of  water  in  order 
to  improve  in  other  ways  the  operating  conditions  in  the  compressor 
room. 

Temperature  of  Well  and  Surface  Water. — The  most  satisfactory 
source  of  condensing  water  is  that  of  the  deep  well.  Figure  183,  taken 
from  the  United  States  Geological  Survey  statistics,  ^  shows  the  approx- 
imate temperature  of  the  water  from  non-thermal  wells  at  a  depth  of 
30  to  60  feet,  and  Fig.  184  gives  the  corresponding  temperature  of  the 
surface  water.  In  this  bulletin  it  is  stated:  "The  temperature  of  the 
water  in  the  ground  at  any  place  is  in  general  about  the  same  as  the 
mean  annual  temperature  of  the  air.  Near  the  surface  the  temperature 
of  the  water  follows  the  temperature  changes  of  the  air;    at  greater 

*  Water  Survey  Paper  520-F,  by  W.  D.  Collins. 


TEMPERATURE  OF   WELL   AND   SURFACE  WATER 


281 


depths  the  water  temperature  corresponds  to  the  increase  in  the  earth 
temperature  with  increasing  depth."    Table  76  also  gives  the  approxi- 


c 
o 


mate  temperature  of  the  surface  water  and  of  the  air.    Very  naturally^ 
these  should  be  closely  related. 
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Types  of  Pumps  for  Deep  Wells. — There  are  three  methods  of  pump- 
ing deep  wells:  the  reciprocating  pump,  the  Pohle  air  lift  (Fig.  185),  and 


the  centrifugal  pump.    The  reciprocating  pump  is  best  suited  to  small 
quantities  of  water  and  is  usually  operated  at  the  high  efficiency  of 
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67  to  73  per  cent.^     There  is  likelihood  of  trouble,  however,  due  to 
leaky  valves,  and  the  capacity  of  the  well  is  usually  limited  to  400  to 


Water  level 


Fig.  185— The  Pohl^  Air  Lift. 

600  gal.  per  min.  so  that  if  larger  quantities  are  reouired  more  wells 
must  be  sunk. 
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Fig.  186. — Performance  of  Air  Lift  Pumps. 


The  air  hft,  first  proposed  by  Dr.  Julius  Pohlc  in  1888,  can  raise 
much  more  water  from  the  same  sized  well  than  can  the  plunger  pump. 
Armour  &  Co.,  Chicago,  were  able  in  1912  to  increase  their  quantity  of 
3  Deep  Well  Water  Pumping,  G.  B.  Mulley,  Power,  6-2.3-25. 
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water  from  450  to  1200  gal.  per  min.  by  substituting  an  air  lift  for  the 
plunger  pump.  In  the  air  lift  compressed  air  is  brought  into  the  discharge 
pipe  some  distance  below  the  surface  of  the  water  in  the  well,  preferably 

supplied  in  finely  divided 
bubbles.  As  the  air  rises  the 
bubbles  act  as  pistons,  and 
before  the  flow  begins  the  air 
serves  to  lighten  the  column 
in  the  discharge  pipe  while 
afterwards  the  air  acts  both 
as  a  means  of  lessening  the 
fluid  density  of  the  mixture 
of  the  air  and  the  water  in 
the  discharge  pipe  and  of 
furnishing  motive  power  re- 
quired to  keep  up  the  con- 
tinuous flow  of  water  in  the 
discharge  pipe.  However, 
the  "sHp"  increases  with  the 
size  of  the  air  bubbles,  and 
it  seems  best  to  supply  the 
air  to  the  discharge  pipe 
through  small  holes.  The 
overall  air  lift  efficiency  is  as 
low  as  20  per  cent,  and  the 
installation  has  high  initial 
and  operating  costs  but  it  has 
the  advantage  of  being  able 
to  pump  readily  even  silty 
and  gritty  water.  Figure 
186'^  gives  an  idea  of  what 
can  be  done  with  the  lift. 
The  diameter  of  the  air  pipe 
which  gives  the  best  results 
has  a  ratio  of  1  :  2  to  1  :  2| 
or  3,  with  the  diameter  of 
the  discharge  pipe,  and  the 
velocity  of  the  water  at  discharge  varies  from  18  to  26  ft.  per  sec, 
whereas  the  velocity  at  the  bottom  is  as  low  as  from  6  to  8  ft.  per 
sec.  A  large  pipe  means  a  low  velocity  and  small  friction  loss,  but  it 
means  also  a  much  increased  slip.  The  drop  of  water  level  when 
*Blaisdell,  Power,  Nov.  23,  1920.' 


-Diffusion  ring 
impeller 

Pump  bowl 

Diffusion  ring 
Impeller 


Suction  pipe 


Fig.  187.— The  Deep  Well  Type  Centrifugal 
Pump. 
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pumping  begins  varies,  but  usually  is  from  20  to  50  ft.  The  bottom  of 
the  well  must  be  at  least  10  to  25  ft.  below  the  air  pipe  connection  to 
the  discharge  pipe. 


TABLE  77a 
Air-lift  Tests,  Power-house  Well 


Length  of  3-in.  air  pipe  from  discharge,  feet 

Surface  to  water  static  level,  feet 

Discharge  to  water  static  level,  feet 

Air  pressure,  starting,  pounds 

Air  pressure,  running,  pounds 

Friction  (estimated)  air  pipe,  pounds 

Running  pressure  at  nozzle,  pounds 

Head  on  air  lift,  feet 

Submergence,  running,  feet 

Submergence,  running,  ratio,  per  cent 

Submergence,  starting,  feet 

Submergence,  starting  ratio,  per  cent 

Water  velocity,  feet  per  second 

Water  temperature,  degrees  F 

Drawdown,  feet 

Water  pumped,  gallons  per  minute 

Free  air  used,  cubic  feet  per  minute 

Indicated  horsepower,  steam  end  compressor . . .  . 

Computed  from  above 
Indicated  horsepower  hour  per  1000  gal.  water.  . 

Specific  capacity  of  well 

Gallons  per  minute  of  water  per  indicated  horse- 
power  

Pounds  of  dry  steam  per  1000  gal.  of  water 

Cubic  feet  of  free  air  per  pound  of  dry  steam 

Water  horsepower 

Least  air  horsepower  (isothermal  compression) .  . 
Efficiency  of  air  pumping  apparatus,  per  cent .  .  . 

Efficiency  of  compressor  and  pipe,  per  cent 

Efficiency  of  air  lift  system,  over  all,  per  cent.  .  . 


Test  Number 


Date  of  test 


2/11/12 


669.0 
155.0 
177.0 
213.0 
153.0 

11.9 
141.1 
343.0 
326.0 

49.0 
492.0 

73.5 
5.4 

60.0 

166.0 

1146.0 

2031.0 

383.0 


5.58 
6.9 

3.0 
84.9 
21.0 
99.0 
315.0 
31.4 
82.4 
25.8 


669.0 
155.0 
177.0 
213.0 
153.0 

10.0 
143.0 
338.0 
331.0 

50.0 
492.0 

73.5 
5.3 

60.0 

161.0 

1132.0 

1847.0 

380.0 


5.15 
7.0 

2.9 
78.3 
20.8 
96.5 
286,0 
33.7 
81.7 
27.6 


4.90 
7.0 

3.4 
80.9 
20.9 
93.5 
267.0 
35.0 
82.0 
28.7 


2/18/12 


669.0 
155.0 
177.0 
213.0 
153.0 

10.2 
141.8 
342.0 
327.0 

49.0 
492.0 

73.5 
5.3 

59.0 

165  0. 

1129.0 

1880.0 

360.0 


5.31 

6.8 

3.1 
80.7 
20.5 
97.2 
289.0 
33.6 
80.4 
27.0 
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The  Centrifugal  Pump. — The  centrifugal  pump  (Fig.  187)  is  the 
latest  development  in  deep-well  pumping.  These  are  specially  designed 
with  small  outside  diameters  with  thirteen  or  more  stages.  This  design 
of  pump  has  an  efficiency  of  slightly  less  than  three  times  that  of  the 
air  lift,  and  as  it  has  no  valves,  can  handle  even  water  containing  silt 
and  slime.  The  pump  is  designed  for  direct  connection  or  belt  drive.  A 
summary  of  tests  performed  at  Armour  &  Co.  is  as  follows: 


TABLE  776 


Date  of  Test 


April,  1921 


March,  1922 


March,  1922 


Static  water  level 

Operating  water  level 

Drawdown 

Gallons  per  minute 

Total  working  head 

I.hp.  (input) 

Gallons  per  minute  per  i.hp 

Efficiency,  overall 

Air  pressure  (operating) 

Submergence  running  (per  cent) 


234.0 

308.0 

54.0 

1600.0 

330.0 

197.5 

8.1 

67.5 


280.0 

338.0 

58.0 

1470.0 

365.0 

205.6 

7.1 

65.9 


280.0 
314.5 

34.5 

1910.0 

336.0 

834.0 

2  3 

24.7 
156.6 

46.0 


General  Water  Pumping. — For  general  pumping  it  has  been  found 
that,  because  of  the  almost  universal  application  of  electrical  power  and 
because  of  its  own  inherent  advantages,  the  direct  connected  centrifugal 
pump  has  replaced  the  reciprocating  pump  to  a  large  extent.  The  centrif- 
ugal pump  is  compact,  small  sized  for  its  capacity  and  needs  very  little 
attention,  and  it  has  an  efficiency  above  70  per  cent  at  its  rated 
capacities.  However,  it  is  not  a  positive  acting  machine  in  the  sense 
of  a  displacement  pump.  In  its  operation  water  is  thrown  out  by  the 
action  of  the  revolving  impeller  as  a  result  of  which  a  particular  velocity 
is  imparted  to  the  water,  and  the  theoretical  head  becomes 


where 


29 


h  =  the  head  in  feet; 

V  =  velocity  of  the  water  in  feet  per  second. 


There  are  two  forms  of  centrifugal  pumps,  the  volute  (Fig.  188)  type, 
which  permits  the  water  leaving  the  impeller  to  come  to  partial  rest  in 
the  spiral  casing  without  the  use  of  guide  vanes,  and  the  turbine  type, 
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which  has  diffuser  blades  in  order  to  slow  up  the  velocity  of  the  water 
without  impact  or  shock.  The  volute 
type  is  the  more  common,  and  is  the 
better  design  for  variable  conditions, 
while  the  diffuser  blade  design  will  give 
better  economy  at  the  speed  and  ca- 
pacity for  which  it  was  designed. 

Characteristic  curves  are  shown 
in  Figs.  189  and  190,  in  which  are 
given  the  variation  of  the  head  pres- 
sure with  the  output  in  gallons  per 
minute,  the  efficiency  and  the  required  horse  power.    Figure  191  also 


Fig.   188. 


Volute  Type  Centrifugal 
Pump. 
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i'lG.  189. — Centrifugal  Pump  Characteristic  Curves. 
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gives  the  effect  of  changing  the  speed,  or  the  diameter  of  the  impeller, 
showing  that  the  pressure  developed  is  proportional  to  some  power  of 
the  peripheral  velocity  of  the  impeller.   From  experiment  it  follows  that 
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Fig.  191. 
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Gals,  per  min. 
-Change  of  Head  with  Variable  Speed — Centrifugal  Pumps. 


if  the  diameter  of  the  impeller  is  constant  and  the  number  of  revolutions 
change : 

1.  The  quantity  flowing  varies  as  the  s'~eed  of  the  pump  (the  revolu- 
tion per  minute). 

2.  The  head  developed  varies  with  the  square  of  the  speed. 

3.  The  power  required  varies  as  the  cube  of  the  speed. 

Likewise,  if  the  speed  is  constant  and  the  diameter  of  the  impeller 
is  changed: 

1.  The  quantity  flowing  varies  as  the  diameter. 

2.  The  head  varies  as  the  square  of  the  diameter. 

3.  The  power  required  varies  as  the  cube  of  the  diameter. 

At  times  the  engineer  can  vary  the  speed  and  the  diameter  of  the 
impeller  so  as  to  get  the  head  and  the  quantity  of  liquid  pumped  to  suit 
best  the  conditions  in  the  plant. 

The  Cooling  Tower. — Where  the  cost  of  water  is  excessive,  or  where 
water  nmst  be  conserved  for  any  reason,  advantage  may  be  taken  of 
the  cooling  tower  or  the  spray  method  of  cooUng.  The  coohng  tower 
as  a  rule  can  give  a  temperature  of  the  water  to  within  three 
to  five  degrees  of  the  wet  bulb  temperature.  The  spray  nozzle 
can  not  do  so  well  with  a  single  set  of  sprays,  as  usually  the  maximum 
range  of  cooling  is  from  five  to  eight  degrees.  In  both  methods  of 
coohng  the  principle  is  to  bring  the  water  into  intimate  contact  with  air 
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in  order  that  by  the  action  of  evaporation  of  some  of  the  water  into  the 
air  the  remainder  may  be  cooled. 

The  cooHng  tower  generally  makes  use  either  of  a  wetted  surface 
with  the  water  flowing  by  gravity  over  these  surfaces  and  the  air  ascend- 
ing by  natural  draft,  or,  simply,  the  lateral  movement  of  the  air  through 
the  tower,  or  of  a  tower  arrangement  for  securing  fine  drops  of  water 


Ladder 


Fig.  192. — Cooling  Towers  with  Ammonia  Condensers. 


and  free  fall.  This  means  in  refrigeration  the  placing  of  the  tower  in  an 
exposed  position  in  order  to  get  the  best  possible  air  flow  (Fig.  192). 
The  spray  nozzle  (Fig.  195)  depends  on  the  atomizing  of  the  water  by 
means  of  a  suitable  nozzle,  using  from  5  to  15  lb.  per  sq.  in.  water 
pressure.  In  either  case  the  cooling  of  the  water  is  through  the  ability 
of  the  air  to  evaporate  water,  the  limit  of  evaporation  being  the  wet 
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bulb  temperature.  Some  heat  can  at  times  be  absorbed  by  the  air,  but 
in  refrigeration  this  amount  is  relatively  small  because  condenser  cooling 
water  is  seldom  much  in  excess  of  100  deg.  F.  Assuming  the  latent  heat 
of  evaporation  to  be  approximately  1000  B.t.u.,  the  amount  of  make-up 


Fig.  193.— Cooling  Tower. 


water  required  will  be  1.0  per  cent  for  every  ten  degrees  cooling  of  the 
water,  not  allowing  for  the  cooling  due  to  the  air. 

Construction. — -The  cooling  tower  is  usually  constructed  with  steel 
frames.  The  cooling  surfaces  or  decks  are  made  of  special  anti-corroding 
metal,  structural  steel,  or  of  lumber,  such  as  cypress  or  redwood.  The 
tower  is  designed  with  louvres  all  around,  usually  designed  to  catch  the 
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spray  caused  by  the  wind  and  return  it  to  the  tower,  for  unless  care  is 
taken  in  this  respect  the  loss  due  to  windage  becomes  excessive.  The 
tower  is  placed  sufficiently  high  as  to  permit  the  water  to  flow  by 
gravity  over  the  condenser  if  the  condenser  is  of  the  atmospheric  type. 
The  pumping  head  is  that  necessary  to  lift  the  water  up  to  the  dis- 


Wire 
netting 


From  dfy 
main  or  other 
water  supply 


From  pump 


To  circulating 
pump 


?,y:Float  valve  for  replacmgv^i,^.i\V';L^;»=}i^%^ipw 
water  lost  thru  evaporation"^-'- -T-^;:-"^^---'-"-^-^'^-^^^ 

Fig.  194. — Cooling  Tower. 


tributing  troughs.  Types  of  construction  are  shown  in  Figs.  192  to  194. 
If  desired,  the  circulating  pump  can  be  placed  in  the  engine  room,  and 
if  care  is  taken  to  make  use  of  the  principle  of  the  syphon  the  onh''  head 
required  on  the  pump  will  be  that  due  to  the  pipe  friction,  velocity  head 
and  the  lift  from  the  well  to  the  top  of  the  tower.  Table  79  shows  the 
approximate  size  of  the  usual  tower,  and  Table  78  gives  results  of  tests 
on  cooling  towers. 

In  the  spray  nozzle  system  the  pumping  head  is  that  necessary  to  lift 
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TABLE  78 
Typical  Test  on  a  "Burhorn"  Cooling  Tower 


Water  Temperature, 

Air  Temperature, 

Date 

Time 

Degrees 

Degrees 

Direction 

of  Wind 

To  tower 

From  tower 

Wet  bulb 

Dry  bulb 

July  10 

4:00  p.m. 

87 

70 

68 

84 

N.  W. 

July  11 

3:30  p.m. 

78 

68 

65 

88 

W. 

4:00  p.m. 

78 

65 

64 

85 

W. 

4:15  p.m. 

74 

66 

64 

84 

W. 

July  14 

11:30  a.m. 

73 

65 

62 

78 

N.  W. 
Heavy  wind 

1:45  p.m. 

76 

69 

67 

81 

N.  W. 
Wind  slight 

4:45  p.m. 

77 

70 

67 

82 

S.  W. 

Slight 

July  15 

7:30  a.m. 

75 

68 

64 

71 

W. 

July  17 

3:15  p.m. 

79 

73 

70 

81 

S.  E. 

4:15  p.m. 

79 

73 

70 

86 

S.  E. 

TABLE  79 


Capacity, 

Dimensions,  Inches 

Piping, 

Inches 

Weight 

Gallons 

Complete, 

per  Minute 

Footings 

Overall 

Supply 

Discharge 

Pounds 

8 

3|X  7X10 

3 

3 

1,000 
2,800 

25 

4X  4 

7X  7X15 

u 

2 

50 

4X  8 

7X11X15 

2 

9i 

^2 

4,600 

75 

6X  9 

11X14X20 

2^ 

3 

13,400 

100 

6X12 

11X17X20 

3 

3i 

15,000 

125 

6X15 

11X20X20 

3^ 

4 

18,000 

150 

6X18 

11X23X20 

3| 

4 

19,500 

175 

6X21 

11X26X20 

4 

^ 

21,300 

200 

13X12 

19X19X30 

4 

5 

32,600 

300 

13X18 

19X25X30 

^ 

6 

42,000 

400 

13X24 

19X31X30 

5 

6 

49,900 

500 

13X30 

19X37X30 

6 

7 

59,700 

600 

13X35 

19X42X30 

7 

8 

67,700 

700 

13X41 

19X48X30 

7 

8 

77,500 

800 

13X47 

19X54X30 

8 

10 

85,200 

900 

13X53 

19X60X30 

8 

10 

95,900 

1000 

13X59 

19X66X30 

10 

12 

112,700 
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the  water  up  to  the  nozzles  plus  the  head  necessary  to  fonn  the  spray. 
The  pressure  required  at  the  nozzle  to  form  the  spray  is  kept  as  low  as 
possible,  and  it  should  not  exceed  10  lb.  per  sq.  in.  As  the  water  in 
spray  form  will  drift  excessively  in  the  wind,  louvres  are  essential. 
Even  with  the  use  of  louvres  the  loss  becomes  very  great  at  tim.es. 


c 


O 


Figure  195  gives  a  typical  arrangement  of  sprays  on  the  roof,  from  which 
the  water  flows  to  the  condenser. 

Water   Cooling   Formula. — The   following   equation   expresses   the 
sensible  heat  gained  or  lost  from  the  air  in  contact  with  water: 

Ql    =   MaCp{t2   -   h), 
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where 

Ma  =  weight  of  air,  in  pounds; 
Cp  =  the  specific  heat  of  air; 
to  and  h  =  the  final  and  the  initial  temperatures  of  the  air. 

The  amount  of  heat  gained  or  lost  from  the  vapor  in  contact  with  the 

water: 

Q2  =  I 2~ — ')^P^^^  ~  ^1^' 

where 

M\  =  initial  amount  of  water  vapor  in  the  air; 

M2  =  final  amount  of  vapor. 
The  amount  of  heat  absorbed  during  partial  evaporation: 

where 

P^i  and  V2  =  the  vapor  content  of  the  air  entering  and  leaving  the 
system ; 
r  =  the  latent  heat  of  vaporization. 

The  amount  of  the  cooling  of  the  water  is:^ 

Q  =  M^{t2  -  h), 

where     Myj  =  the  weight  of  the  water. 

Coffey  and  Home  ^  found  an  expression  for  the  heat  flow  to  and  from 
the  wet  bulb,  which  gives  a  measure  of  the  cooling  effect  to  be  found  in 
cooling  towers  and  spray  ponds.    This  expression  is: 


where 


E  =  {er  -  et)  +  0.0116(r  -  t), 

E  =  measure  of  the  effective  cooling  head,  in  inches  of  mercury; 
T  =  temperature  of  the  water  being  cooled; 
t  =  temperature  of  the  wet  bulb,  deg.  F. ; 
Et  =  vapor  pressure,  at  temperature  T,  inches  of  Hg; 
et  =  vapor  pressure,  at  temperature  t,  inches  of  mercury. 

Figure  196  shows  these  relations  graphically. 

The  Optimum  Water  Rate. — In  general  the  refrigerating  engineer  has 
not  used  any  scientific  method  in  arriving  at  the  amount  of  water  to 
be  used  in  the  plant.  It  is  generally  understood  that  an  increase  in 
the  amount  of  the  condensing  water  means  a  reduced  condenser  pressure, 
and  therefore  a  smaller  power  consumption  by  the  compressor.     How- 

6  Water  Cooling  System  Efficiency,  V.  J.  Azbe,  Mechanical  Engineering,  1924. 
«  Coffey  and  Home,  A.  S.  R.  E.  Journal,  Vol.  I,  No.  1. 
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ever  condenser  water  has  usually  either  to  be  pumped  from  a  deep  well, 
into  a  cooling  tower  or  through  sprays.  As  the  amount  of  water  used 
by  the  condensers  increases  the  pumping  cost  also  increases.  Doubling 
the  amount  of  water  so  as  to  operate  with  a  6  deg.  F.  instead  of  a  12 
deg.  F.  range  of  temperature  may  reduce  the  condenser  pressure  from 
158.0  to  139.2  lb.  per  sq.  in.  Whether  this  increase  in  the  amount  of 
water  is  justifiable  will  certainly  depend  on  the  total  cost  of  pumping 
the  water.  In  all  likehhood  the  engineer  will  be  inclined  to  set  on  a 
certain  pressure  as  the  operating  maximum,  say  185  to  190  lb.,  and  when 

w  =  Cooling  head  corresponding  to  water  temperature,  inches  of  mercury 
0      1      2      3      4      5      6      7      8      9     10 
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Fig.  196.— Graphical  Method  of  Securing  the  Cooling  Effect. 

the  condenser  pressure  becomes  greater  than  this  he  will  attempt  to 
pump  more  water. 

In  the  following  some  attempt  is  made  to  show  how  an  economical 
water  rate  may  be  determined  if  certain  operating  costs  are  known  i^** 

Purchased  Water.— The  total  cost  of  purchased  water  is 

AmU  QOBHc 


C  = 


E, 


1000  X  8.33«rf 

«"  T.  K.  Sherwood,  Econoinic  Balances  in  the  Design  and  Operation  of  the  Ammo- 
nia Compressor,  Refrigerating  Engineering,  Feb.,  1927.  R.  W.  Waterfill,  Balancing 
Compressor  Power  and  Condenser  Water  Costs,  Refrigerating  Engineering,  Sept., 
1927. 
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where  A  =  the  cost  of  power  per  hp.-hr. 

m  =  hp.  increase  per  ton  of  refrigeration  per  degree  increase  of 

condenser  temperature 
ta  =  temperature  difference  of  the  condenser  water  in  and  out 

of  the  condenser 
Et  =  Combined  efficiency  of  the  compressor  and  motor 
B  =  Cost  per  1000  gal.  of  condensing  water 
He  =  Heat  to  be  removed  from  the  condenser  per  ton  per  minute 

=  200  +  42AWc 
Wc  =  The  condenser  i.hp.  per  ton  of  refrigeration 
G  =  He  -^  8.33d  =  the  condensing  water  per  ton. 
In  order  to  find  the  minimum  cost  the  first  derivative  is  equated  to 
zero,  and  therefore 

dC      Am       O.OQBHc 


dt        Et         8.33^/ 


0 


from  which  the  values  for  ta  and  G  may  be  obtained. 
Pumped  Water. — The  total  cost  of  pumped  water  is 

^  ^  mtg       8.33G(F,  +  /) 
Et  33,000^;^ 

Where  Ep  is  the  combined  pump  and  motor  efficiency 
Fs  is  the  static  head  on  the  pump. 
/  is  the  friction  head  due  to  the  flow  of  the  water  in  the  pipes. 

In  order  to  make  use  of  the  equation  /  must  be  replaced  by  an  expression 
in  terms  of  the  variable.  Sherwood  uses  the  expression,  which  is 
adopted  by  Waterfill, 

where  K  is  a  constant  giving  the  value  of  /  for  an  assumed  temperature 
difference  D 

HAF,-^K{^  ' 


=  0 


therefore  r  -  '^  '^   '  ^^'^ 


Et  taEp  X  33,000 

dC      m  HcF,  3HcKD~ 


did      Et       t^dEp  X  33,000       l^aE^  X  33,000 


Comparison  of  Cooling  Towers  and  Sprays. — The  first  cost  of  the 
spray  system  should  be  less  than  that  of  the  cooling  tower,  but  the  loss 
of  water  due  to  drift  will  be  greater  with  sprays.    As  a  rule  the  tower 
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will  have  the  advantage  in  congested  regions  where  the  local  conditions 
are  such  that  an  elevated  position,  free  from  the  wind  protection  of 
tall  buildings,  can  be  secured.  The  water  in  either  case  must  be  divided 
into  small  particles  and  the  fall,  especially  in  the  case  of  the  tower, 
nmst  be  interrupted  frequently  in  order  to  keep  the  water  in  the  air 
for  as  long  a  time  as  possible,  whereas  the  air  must  be  permitted  free 
passage  through  the  tower  or  over  the  spray  pond. 

TABLE  80 
List  of  Nozzle  Sizes 


Nozzle 
Number 


60 

50 

45 

40 

35 

30 

25 

20 

15 

10 

8 

5 

4 

3 

2 

A 

B 


Pipe  Size 
for  Which 
Nozzle  Is 
Threaded, 
Inches 


Pressure  in  Pounds  per  Square  Inch 


30 


40 


Capacity  in 

U.  S. 

gallons  per  minute 

53.0 

58.0 

62.5 

67.0 

71.0 

74.5 

82.0 

92.0 

106.0 

118.0 

130.0 

150.0 

44.0 

48.0 

52.0 

55.5 

59.0 

62.0 

68.0 

76.0 

88.0 

98.0 

107.0 

124.0 

40.0 

43.5 

47.0 

50.0 

53.0 

56.0 

61.0 

69.0 

79.0 

88.5 

97.0 

112.0 

35.4 

38.8 

42.0 

45.0 

47.5 

50.0 

55.0 

61.0 

71.0 

79.0 

87.0 

100.0 

30.8 

33.8 

36.4 

39.0 

41.2 

43.5 

48.0 

53.5 

61.5 

68.0 

75.0 

87.0 

26.2 

28.6 

31.0 

33.0 

35.0 

37.0 

40.5 

45.5 

52.0 

58.5 

64.0 

74.0 

22.0 

24.0 

26.0 

27.8 

29.4 

31.0 

34.0 

38.0 

43.8 

49.0 

53.5 

62.0 

17.5 

19.4 

20.8 

22.2 

23.5 

24.8 

26.0 

30.5 

35.0 

39.0 

43.0 

49.5 

13.0 

14.3 

15.5 

16.5 

17.5 

18.5 

20.2 

22.6 

26.0 

29.0 

32.0 

37.0 

8.7 

9.6 

10.4 

11.1 

11.7 

12.4 

13.5 

15.2 

17.5 

19.5 

21.5 

24.8 

7.0 

7.7 

8.3 

8.9 

9.4 

9.9 

10.8 

12.1 

14.0 

15.6 

17.0 

19.7 

4.4 

4.8 

5.2 

5.5 

5.9 

6.2 

6.8 

7.6 

8.8 

9.8 

10.8 

12.4 

3.5 

3.8 

4.1 

4.4 

4.7 

4.9 

5.4 

6.1 

7.0 

7.8 

8.6 

9.9 

2.6 

2.9 

3.1 

3.3 

3.6 

3.7 

4.1 

4.5 

5.2 

5.9 

6.4 

7.4 

1.7 

1.9 

2.1 

2.2 

2.3 

2.5 

2.7 

3.0 

3.5 

3.9 

4.3 

4.9 

1.3 

1.45 

1.65 

1.65 

1.78 

1.86 

2.0 

2.3 

2.6 

2.9 

3.2 

3.7 

.95 

1.04 

1.12 

1.20 

1.27 

1.35 

1.48 

1.65 

1.9 

2.1 

2.3 

2.7 

CHAPTER  X 
ERECTION  AND  OPERATION 

The  refrigerating  plant  is  subject  to  operating  difficulties  more  than 
is  the  case  with  other  comparable  systems,  because  of  inherent  features 
in  the  cycle.  In  consequence  of  these  difficulties,  resulting  in  improper 
charging  and  operation,  in  an  easy  loss  of  capacity  from  a  number  of 
causes,  in  excessive  condenser  pressure,  etc.,  it  is  desirable  to  consider 
all  of  these  subjects  in  detail. 

Foundations. — Foundations  for  refrigerating  machines  are  required 
for  two  reasons — to  make  the  compressor  secure,  and  to  absorb  the 
vibrations  developed.  As  considerable  care  is  now  being  taken  in  the 
matter  of  balancing,  vibration  is  no  longer  so  important  a  factor  as 
formerly.  In  this  respect  the  twin  vertical  single-acting  compressor  is 
better  than  the  horizontal  double-acting  or  the  duplex  compressor.  The 
necessary  weight  of  the  foundation  being  such  a  variable,  it  has  to  be 
worked  out  in  each  case  by  the  individual  designers.  These  foundation 
weights  are  made  up  for  fairground  conditions.  If  the  "soil"  is  rock  or 
compact  hard  pan  it  is  evident  that  the  size  and  the  weight  of  the  founda- 
tion can  be  decreased,  while  if  it  is  soft,  wet  clay  or  marshy  soil,  the 
footings  under  the  foundation  must  be  widened. 

Template  and  Anchor  Bolts. — A  good  mixture  of  concrete  should  be 
used,  either  al:2^:5oral:2:4  mixture  by  volume  of  cement, 
clean  sand  and  crushed  stone.  Sufficient  time  should  be  allowed  for 
hardening  before  any  weight  is  placed  on  the  foundation,  usually  36  to 
48  hours  or  longer  being  required.  Before  pouring,  a  templet  of  the 
anchor  bolts  with  the  bolts  and  anchor  plates  attached  should  be  set  in 
place  and  rigidly  fastened  so  that  they  will  not  float  out  of  position. 
Care  must  be  taken  to  insure  the  proper  level,  and  the  proper  ahgnment 
with  the  building  wall.  The  larger  machines  usually  have  pockets  in 
the  foundation  so  that  access  may  be  had  to  the  anchor  plates  at  any 
time.  In  any  case  ferrules,  made  of  tin,  old  pipe  or  thin  lumber  are  so 
placed  that  the  anchor  bolt  will  hang  central  and  will  have  a  clearance 
of  f  to  1  in.  all  around  it.  While  the  concrete  is  green  these  ferrules  can 
be  removed.  The  anchor  plates  are  screwed  up  to  the  middle  of  the 
threads  on  the  lower  part  of  the  bolt.  The  pouring  of  the  concrete  should 
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stop  at  a  point  from  ^  to  1  in.  below  the  base  level  in  order  to  permit 
grouting  under  the  machine. 

Leveling  and  Grouting. — When  the  foundation  is  sufficiently  hard 
to  take  the  weight,  the  compressor  may  be  moved  into  place  and  leveled. 
Wedges  made  of  wood  or  iron  should  be  placed  near  the  anchor  bolts, 
and  the  machine  should  be  leveled  in  both  directions.  In  a  horizontal 
machine  the  position  of  the  center  of  the  shaft  is  required  accurately, 
and  this  can  be  located  at  right  angles  to  the  compressor  line  of  centers 
by  means  of  a  triangular  templet  made  with  distances  between  the 
apexes  in  the  ratio  of  3  :  4  :  5.  The  anchor  bolt  holes  should  be  filled 
first  with  a  thin  grout  of  sand  and  cement  in  the  ratio  of  1  to  1  by 
volume.  Then  fill  in  underneath  the  machine  with  grouting  thin  enough 
to  float  but  not  to  show  water  on  top,  making  sure  that  the  grout  is 
worked  in  under  all  parts  of  the  compressor  bed.  In  a  few  hours  the 
wedges  can  be  removed  and  the  foundation  finished  with  a  smooth 
finished  surface.  The  foundation  bolts  must  not  be  tightened  until  the 
grout  is  thoroughly  dried  (after  two  to  three  days,  as  a  rule).  Small 
compressors  can  be  erected  sometimes  by  drilling  out  the  concrete  and 
using  an  expansion  bolt.    These  holes  are  filled  with  grouting  as  before. 

Piping. — Piping^  is  one  of  the  important  elements  in  refrigeration 
machinery.  Formerly  wrought  iron  was  used  extensively,  and  then,  later, 
extra  heavy  pipe  was  specified.  There  is  no  standard  practice  at  the 
present,  but  the  use  of  full  weight  black  steel  pipe  is  quite  common, 
even  for  condensers  and  the  line  from  the  compressor  to  the  condenser. 
Yet  some  concerns  continue  to  specify  the  use  of  extra  heavy  pipe  for 
the  evaporating  coils  in  the  tank.  In  general,  the  feehng  prevails  that 
steel  pipe  can  be  relied  on  much  better  now  than,  (say),  10  years  ago, 
and  that  care  in  the  erection  and  prevention  of  excessive  corrosion  have 
changed  conditions  so  that  extra  heavy  pipe  is  no  longer  justified. 

The  essential  of  good  pipe  work  is  clean,  accurately  cut  pipe  threads, 
using  sharp  dies  with  Briggs  standard  threads  for  work  in  the  United 
States.  These  threads  should  be  cleaned  thoroughly  before  making  up 
by  brushing  them  with  gasoline  and  wiping  clean  the  pipe  threads  and 
the  flanges  or  screwed  fittings.  Making  up  the  joint  so  that  it  will  be 
hot  is  no  indication  that  it  will  be  tight,  as  the  heat  indicates  friction 
only,  which,  of  course,  could  be  developed  by  dirt  or  scale  as  well  as  by 
tightness. 

Kind  of  Joint. — Both  soldered  and  lithage  joints  are  used,  although 
the  tendency  appears  to  be  towards  the  efimination  of  the  former  except 
in  condenser  practice  where  the  soldering  is  done  at  the  factory.  The 
Hthage  joint  is  as  easy  to  make  up  as  a  first-class  steam  fitting  connection. 

1  See  Chapter  IV. 
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The  solder  joint  is  made  by  cleaning  the  fittings  and  the  pipe  until 
the  metal  is  bright.  The  pipe  and  the  fittings  are  then  dropped  into 
molten  solder,  made  of  half-and-half  of  tin  and  lead,  and  the  threads 

Methods  Used  in  Supporting  Coils 


Vertical  Coils 


8' 


\ 


8'- -> 


^P^ Hooks  plates^ \ 

-^  Q=\ 


D 


2- 
or  less 


When  2' or  less  over  hangs,  use 
'hook  plates  on  the  upper  pipe  of 
the  bends,  as  shown  above. 


Lag  screws 
into  the 
struts  of 
the  box 


When  the  struts  of  the  box 
cannot  be  used,  as  above, 
2x4s  can  be  bolted  on 
the  outside  of  the  box, 
as  shown  below. 


When  the  spacing  between  coils  is  only 
'  3" use  ^4" square  or  round  iron  bars  as 
long  as  the  coils.  These  bars  are  placed 
on  the  coil  straps 
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41/2" 

5" 

6" 

1  3/4" 

2  1/4" 
2  3/4; 

3  v; 

When  the  spacing  of  the  coils  is 
greater  than  3"  angle  iron  spreaders 
are  used,  as  shown.  To  determine  the 
height  of  the  angle  iron  "B"  for  any  certain 
coil  spacing  "A"  consult  the  table. 

NOTE:  Do  not  put  the  angle  irons  to  close  to  the  return  bends,  or  it 
will  cause  a  strain  on  the  coils  and  might  make  them  lay 
crooked. 

Fig.  197. — Details  of  Pipe  Coil  Supports. 

are  evenly  tinned  over  with  the  use  of  a  soldering  acid  made  of  muriatic 
acid  cut  with  zinc.  The  fitting  is  made  up  while  both  are  hot,  and  the 
recess  at  the  back  of  the  fitting  filled  with  solder.  In  the  larger  pipe 
sizes  the  solder  in  this  recess  should  be  caulked. 
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The  lithage  joint  is  made  up  by  applying  a  thin  layer  of  the  mixture 
to  the  threads  of  both  the  pipe  and  the  fittings.  The  mixture  should  be 
made  in  small  amounts  as  needed  in  the  proportion  of  Ij  parts  of  lithage 
to  I  part  of  glycerine  by  volume,  and  it  should  be  mixed  thoroughly. 
Care  should  be  taken  not  to  have  excessive  hthage  lest  the  effective  area 
of  the  pipe  be  decreased,  especially  in  the  case  of  small  pipe. 

Much  future  trouble  may  be  eliminated  by  care  in  initial  cleaning  of 
the  inside  of  any  pipe  to  be  erected  so  as  to  get  rid  of  any  loose  mill 
scale  or  loose  pipe  threads,  and  it  is  advised  that  at  the  very  least  the 
pipe  be  examined  on  the  inside,  and  that  it  be  rapped  with  a  light  ham- 
Fig,  a 
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Fig.  198. — Details  of  Ammonia  Coils. 

mer  when  held  vertically.  Bent  pipe  should  be  tested  for  obstructions 
by  rolling  a  steel  ball  through  the  pipe. 

Piping  Details. — Figures  234  to  239  in  Chapter  XII  give  some 
details  of  piping,  particularly  for  large  installations.  In  addition,  Figs. 
197  to  201  give  details  more  applicable  to  small  plants.  Piping  practice 
is  not  standardized,  and  is  given  here  only  as  a  suggestion.  The  principal 
considerations  are  proper  support,  and  slope  of  the  pipe  lines  so  that 
drainage  of  the  water  pipes  and  prevention  of  liquid  seal  in  the  ammonia 
pipes  will  be  provided  for,  and  the  proper  clearance  allowed  for  so  that 
erection  or  repairs  will  be  as  simple  as  possible. 

The  pipe  should  be  very  carefully  erected,  remembering  that  cold 
storage  piping  has  a  heavy  accumulation  of  frost  in  most  cases,  and 
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that  it  may  also  be  filled  with  liquid  ammonia.  Low  points,  where  liquid 
may  trap  in  the  piping,  should  be  eliminated  as  far  as  possible,  unless 
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Connections  for 
Large  Condensers 


Flanged  angle  valve 
Ail  screwed  fittings 


Connections  for 
Smaller  Condensers 

Fig.  199. — Ammonia  Condenser  Connections. 


connection  is  made  at  every  low  point  to  suitable  traps  and  to  the 
regenerator.    Pipe  vibration  must  be  kept  at  a  minimum  or  leaks  may 


PIPING  DETAILS 


305 


occur  at  any  time.    Flanged  joints  are  made  up  with  either  lead  or  oil 
proof  rubber  gaskets,  and  it  is  wise  to  chalk-mark  the  flanges  as  the 
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Fig.  200. — Cooling  Water  Connections. 


Supply 


Brine  tank 
Fig.  201. — Ammonia  Coils  in  Brine  Tank. 


gaskets  are  put  in  place,  as  a  check.     The  difficulty  with  lead  gaskets 
is  that  lead   has   no  elasticity  and  that  it  will  not  give  good  service 
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when  exposed  to  the  hot  discharge  gases  from  the  compressor.  For 
the  ammonia  discharge  hnes  it  is  better  to  make  use  of  a  high-grade 
asbestos  sheet  gasket  material  which  takes  without  trouble  the  highest 
temperatures  found  in  refrigeration  and  has  some  elasticity.    In  making 
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Fig.  202.— Oil  Separator. 


up,  the  bolts  must  be  pulled  up  evenly  all  round,  and  special  care  must 
be  taken  to  see  that  the  flange  surfaces  are  free  from  dirt  and  scale. 

The  oil  separator  (Fig.  202)  can  separate  the  oil  only  when  it  is  in 
a  hquid  condition.  In  consequence  the  separator  should  be  placed  as 
near  the  condenser  as  practicable,  in  order  that  the  gas  passing  through 
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may  become  as  cool  as  conditions  will  permit.  At  times  it  may  be  wise 
to  install  a  precooler  just  ahead  of  the  separator.  The  precooler  is  some- 
times used  in  ice-making  plants  for  the  purpose  of  heating  water  for  the 
drip  tank. 

The  scale  trap  (Fig.  203)  is  placed  in  the  line  especially  to  protect 
the  compressor.  Even  with  the  best  of  care  in  erection,  mill  scale,  sand 
and  metal  cuttings  from  the  dies  will  circulate  with  the  ammonia  or 
other  refrigerant.  The  scale  trap  should  be  as  close  to  the  compressor 
as  possible,  and  it  should  be  of  the  size  and  the  design  required  so  that 
it  will  function  well.  At  first  the  need 
of  such  a  device  is  very  great,  but  this 
need  decreases  as  the  time  elapses. 
Means  should  be  provided  for  easy 
cleaning  of  the  trap  with  as  little  air 
as  possible  entering  the  system  each 
time  the  trap  is  cleaned. 

As  soon  as  the  piping  has  been 
erected,  water  and  steam  or  electric  < 
connections  made,  the  plant  is  ready  to 
be  tested  out  for  leaks,  using  air  under 
pressure.  The  compressor  is  used  for 
pumping  this  air  pressure,  care  being 
taken  not  to  pump  up  too  rapidly  at 
any  time  for  fear  of  explosions. 

Make  sure  that  the  compressor  is  in  good  shape  as  regards  rod 
packing,  valve  action,  tightness  of  bearings,  etc.  See  that  the  lubrica- 
tion is  in  good  shape  and  that  the  proper  kind  of  oil  is  used  in  the 
cylinders. 

Cylinder  Oil. — It  is  very  important  that  the  proper  ice  machine  oil 
is  used  for  the  cylinder  and  the  crankcase  in  the  enclosed  type  of  com- 
pressor. As  a  rule  a  freeze  test  of  —20  deg.  F.  is  sufficient,  but  in  some 
cases — the  carbon  dioxide  compressor  when  working  on  low  temper- 
atures, for  example — it  is  worth  while  to  get  a  lower  freezing  test 
temperature  for  the  oil,  say,  —30  deg.  F.  The  splash  type  of  enclosed 
machine  should  be  filled  with  oil  up  to  the  mark  on  the  frame  of  the 
compressor. 

Starting  Up. — All  refrigerating  machines  are  designed  so  that  the 
compressor  may  be  used  to  pump  out  the  system  normally  under  con- 
denser pressure  and  to  discharge  this  gas  into  the  low  pressure  side. 
This  is  accomplished  by  means  of  by-pass  valves  cross  connected  (Figs. 
204  and  205) .  Most  compressors  are  also  fitted  with  a  by-pass  from  the 
discharge  into  the  suction,  especially  motor  driven  compressors,  in  order 


Fig.  203.— Scale  Trap. 
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that  the  required  starting  torque  shall  be  as  small  as  possible.  Each 
cylinder  also  has  a  stop  valve  for  the  suction  and  the  discharge  line  close 
up  to  the  cylinder.  There  is  required  also  an  opening  (a  valve  or  a 
plug)  to  the  atmosphere  on  the  suction  and  the  discharge  side  of  the 
cylinder.  All  of  these  connections  are  required  at  different  times  during 
the  operation  of  the  compressor. 

Pumping  an  Air  Pressure. — Open  the  connection  to  the  atmosphere 
on  the  suction  side  and  close  the  suction  stop  valve.  To  put  pressure  on 
the  high  side  only,  keep  the  expansion  valve  closed;  to  test  out  the 
entire  system,  have  the  expansion  valves  open,  and  to  test  out  the  low 
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Fig.  204. — By-Pass  Valves  for  the  Vertical  Single  .\cting  Compressor. 


Suction  stop 
valve.  B. 


pressure  side  only,  have  the  cross  connections  open — with  the  discharge 
open  to  the  atmosphere — and  the  expansion  valves  closed. 

With  water  passing  through  the  jackets  operate  the  compressor 
slowly  (or  intermittently)  and  raise  the  pressure  on  the  system  to  about 
150  lb.,  unless  large  leaks  evidenced  by  the  noise  of  escaping  air  appear 
before  this  pressure  is  reached.  In  a  new  plant  the  first  things  to  look 
for  are  split  pipe,  flanges  with  defective  or  even  without  any  gaskets, 
leaky  valve  bonnets,  valve  stems,  etc.  At  first  the  escape  of  air  can  be 
heard,  but  when  that  is  no  longer  true  painting  with  soap  and  water 
must  serve.  The  latter  is  only  good  for  small  leaks — all  others  can  be 
heard  if  there  are  no  other  noises  in  the  compressor  room.  The  lather 
should  be  put  on  the  pipe  and  fittings  freely,  and  the  pressure  raised  to 
200  lb.  at  this  point,  for  the  entire  system,  safeguarding  the  low  pressure 
gage  by  shutting  it  off. 
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When  all  leaks  have  been  located  and  repaired  the  next  step  is  to 
make  a  duration  test  by  pumping  up  to  200  lb.  and  allowing  the  pressure 
to  remain  on  for  12  to  24  hours.  Any  drop  of  pressure  not  accounted 
for  by  a  lowering  of  the  temperature  of  the  air  is  due  to  leaks  and  should 
not  be  allowed  to  be  appreciable. 

Blowing  Out  the  Coils. — The  piping  is  usually  designed  so  as  to  per- 
mit the  blowing  down 
of  each  set  of  coils 
to  permit  freeing  the 
pipes  of  any  loose 
dirt,  steel  chips,  etc., 
which  may  be  in  the 
line.  For  this  pur- 
pose use  pressures  of 
250  to  275  lb.  and 
open  freely  to  the 
atmosphere  so  that 
a  high  air  velocity 
will  be  acquired. 
Continue  the  proc- 
ess until  the  whole 
system  has  been 
blown  down.  After 
blowing  down  it  is 
well  to  go  over  the 
compressor  thor- 
oughly in  order  to 
clean  out  any  grit 
or  dirt  which  has 
worked  into  the  cyl- 
inder (the  crankcase  Fig.  205. 
of  the  enclosed  ma- 
chine) and  the  valves 

and  ports.    It  is  valuable  to  repeat  this  process  about  a  week  after 
charging  and  starting  operation. 

Test  with  Ammonia. — Pump  a  vacuum  on  the  entire  system.  This 
can  be  done  usually  by  closing  the  cyhnder  discharge  stop  valves  (and 
the  by-pass  valves),  opening  all  hnes  and  expansion  valves  and  opening 
the  discharge  to  the  atmosphere  by  means  of  the  valve  or  plug  arranged 
for  that  purpose.  Pump  as  good  a  vacuum  as  possible,  as  it  is  easier, 
and  cheaper,  to  free  the  pipe  system  of  air  at  this  point  than  after 
charging. 


-By-Pass  Valves  for  Horizontal  Double  Acting 
Compressor. 
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Attach  the  ammonia  charging  drum  to  the  charging  connection  and 
permit  hquid  to  flow  slowly  into  both  the  low  pressure  and  the  high 
pressure  side.  Permit  the  pressure  to  rise  to  about  50  lb.  and  then  look 
for  leaks,  first  by  the  smell  and  the  noise  of  the  escape,  and  then  by 
means  of  the  sulphur  stick.  When  the  sulphur  dioxide  gas  formed  by 
the  burning  of  the  sulphur  stick  comes  in  contact  with  ammonia  gas 
there  is  formed  a  white  smoke,  the  indication  of  an  ammonia  leak. 
These  sticks  may  be  in  the  form  of  candles  with  a  small  wick  in  the 
center,  or  they  may  be  sulphur-coated  heavy  twine — the  latter  prepared 
by  dipping  the  twine  in  liquid  sulphur.  Even  pieces  of  soft  wood  may 
be  dipped  into  the  Hquid  sulphur  to  form  a  convenient  ''candle."  Small 
leaks  around  welded  joints  can  be  stopped  b}^  caulking  and  with  care 
this  can  be  done  also  to  malleable  fittings.  Bad  leaks  may  require  the 
pumping  down  and  the  replacing  of  the  defective  part.  If  the  bad  leaks 
are  only  in  one  part  of  the  system  it  may  be  easier  to  pump  down  that 
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Fig.  206. — Charging  Connections. 


part  only  and,  storing  the  ammonia  in  the  other  part  of  the  system,  to 
break  into  the  line  that  needs  repairing.  The  larger  plants  have  separate 
pump-out  compressors  and  pump-out  lines  to  the  different  coils  or  sets 
of  coils,  so  that  repairs  can  be  made  without  interfering  with  the  opera- 
tion of  the  other  parts  of  the  plant.  The  smaller  installations,  however, 
need  to  use  the  compressor,  and  the  cross  connection  by-pass  valves, 
to  pump  out  from  one  part  and  to  store  the  ammonia  in  the  other 
part  of  the  system  during  which  operation  the  plant  must  be  out  of 
commission. 

To  Charge  the  Plant.^The  charge  of  ammonia  should  go  into  the  low 
pressure  part  of  the  plant  always.  Figure  206  shows  the  proper  manner 
of  connecting  the  shipping  drum.  To  charge,  the  expansion  valve  on  the 
line  shculd  be  opened  wide  and  the  valve  on  the  drum  should  act  for 
the  period  of  charging  as  the  expansion  valve.  If  the  evaporator  is  a 
brine  cooler,  the  brine  must  be  kept  in  circulation  and  the  compressor 
and  the  condenser  must  be  in  operation.     The  first  indication  of  the 
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emptying  of  the  shipping  drum  is  the  appearance  of  frost  on  the  drum 
and  on  the  connections  to  the  expansion  valve,  but  the  only  way  to  be 
positive  that  the  drum  is  empty  is  to  weigh  the  drum  and  to  compare 
this  weight  with  the  tare  on  the  shipping  tag.  A  sufficient  number  of 
drums  of  ammonia  should  be  charged  so  that  the  plant  will  have  enough 
refrigerant  to  operate. 

The  Amount  of  Ammonia  Charge. — It  is  difficult  to  give  exact  rules 
for  charging  because  of  the  variation  in  the  amount  of  ammonia  used  in 
different  cases.  One  rule,^'  which  has  been  successful  in  practice,  is  as 
follows: 

2-in.  flooded  atmospheric  condenser,  12  pipes  high,  20  ft.  long,  140  lb.  per  stand. 
2-in.  standard  atmospheric  condenser,  24  pipes  high,  20  ft.  long,  60  lb.  per  stand. 
Ij  by  2-in.  double  pipe  condenser,  8  pipes  high,  20  ft.  long,  20  lb.  per  stand. 
Ij  by  2-in.  double  pipe  condenser,  10  pipes  high,  20  ft.  long,  25  lb.  per  stand. 
Ij  by  2-in.  double  pipe  condenser,  12  pipes  high,  20  ft.  long,  30  lb.  per  stand. 

The  ammonia  charge  required  for  pipes  submerged  in  brine  or  water 
is  greater  than  that  required  for  direct  expansion  in  cold  storage  rooms. 
At  22|  lb.  per  sq.  in.  suction  pressure  the  following  is  recommended: 

Ij-in.  pipe  submerged,  as  in  water  coolers,  brine  coolers  in  ice  tanks,  ^  lb.  per 

lineal  foot  of  piping. 
Ij-in.  pipe  exposed  to  the  air,  ^  lb.  of  ammonia  per  lineal  foot  of  pipe. 
1^-in.  pipe  exposed  to  the  air,  ^  lb.  of  ammonia  per  lineal  foot  of  pipe. 
2-in.  pipe  exposed  to  the  air,  5  lb.  of  ammonia  per  lineal  foot  of  pipe. 

It  is  also  usual  to  figure  on  the  receiver  being  one-half  full. 

If  one  knew  definitely  the  quality  of  the  refrigerant  in  each  part  of 
the  system,  the  calculation  of  the  amount  of  charge  would  not  be  diffi- 
cult to  get  accurately  for  a  certain  operating  set  of  conditions.  The 
piping  from  the  compressor  to  the  condenser  is  operated  usually  with 
100  deg.  F.  of  superheat,  or  more,  and  from  the  brine  cooler  or  the 
direct  expansion  piping  to  the  compressor  it  is  dry,  saturated  or  super- 
heated a  few  degrees.  The  evaporators  are  always  flooded  more  or  less, 
as  is  likewise  the  condenser,  but  all  condensers  (except  the  so-called 
flooded  condenser)  attempt  to  free  the  piping  of  the  liquid  condensate 
as  soon  as  possible.  The  vertical  and  the  horizontal  shell  and  tube 
condenser  is  a  type  that  frees  itself  quickly  of  the  liquid.  It  must  be 
remembered  that  the  charge  must  be  sufficient  always  to  give  a  liquid 
seal  on  the  outlet  to  the  receiver,  otherwise  gas  will  pass  through  the 
expansion  valve  to  the  low  pressure  side  of  the  system  thereby  choking 
the  coils  and  reducing  the  capacity  of  the  plant.  There  will  also  result  a 
loss  of  ice  on  the  return  suction  line,  overheating  of  the  piston  rod,  etc. 

'  J.  Laichinger,  National  Association  of  Practical  Refrigerating  Engineers,  1923. 
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Usually  the  operator  can  also  detect  by  the  whistUng  flow  through  the 
expansion  valve  that  gas  is  passing  through,  but  the  better  method  is 
to  install  a  gage  glass  on  the  liquid  receiver  connected  by  means  of 
automatic  ball  stop  valves  with  the  glass  tubing.  The  operator  then  has 
an  opportunity  of  observing  at  all  times  the  amount  of  liquid  seal  on 
the  outlet  from  the  receiver.  Best  results,  as  regards  the  capacity  of  the 
compressor  and  of  the  evaporator  can  be  obtained  by  frosting  back  to 
the  compressor  when  operated  at  25  or  30  lb.  suction  pressure  or  lower. 

Other  factors  tending  to  affect  the  amount  of  charge  required  in  the 
refrigerating  plant  are  the  pressures  carried  on  the  low  pressure  side  and 
the  rate  of  boihng  of  the  refrigerant  in  the  evaporator.  The  suction 
pressure  affects  the  specific  volume  of  the  gas  so  that  the  higher  the 
pressure  the  more  weight  is  represented  by  each  cubic  foot  of  volume. 
Also,  in  operating,  the  nearer  the  temperature  of  the  brine  or  the  air  in 
the  direct  expansion  cold  storage  rooms  is  to  the  boiling  temperature  of 
the  ammonia  the  greater  the  amount  of  flood  it  is  possible  to  carry.  In 
extreme  conditions  it  will  be  found  that  sometimes  ''lost"  ammonia  is 
found  in  the  coils  where  no  evaporation  is  taking  place  on  account  of 
the  room  temperature  being  too  low  for  evaporation  to  take  place  until 
the  liquid  slops  over  into  the  suction  return  line. 

Operating  the  Expansion  Valve. — The  function  of  the  expansion 
valve  is  to  feed  the  evaporating  surfaces  with  liquid.  If  the  load  is 
constant  and  the  compressor  is  operating  at  a  constant  speed,  conditions 
will  automatically  adjust  themselves  after  a  time  with  any  setting  of 
this  valve,  as  the  suction  pressure  will  raise  or  lower  until  the  weight 
being  drawn  into  the  compressor  and  condensed  in  the  condenser  is 
equal  to  the  amount  passing  through  the  expansion  valve. 

However,  each  plant  has  its  own  correct  operating  pressure  depen- 
dent on  the  duty  to  be  performed.  This  is  such  an  operating  pressure 
as  will  give  3  to  5,  10  or  even  15  deg.  F.  difference  in  temperature  between 
the  evaporating  temperature  of  the  refrigerant  and  the  temperature  of 
the  fluid  surrounding  the  surfaces.  The  low  pressure  piping  is  laid  out 
with  the  idea  in  view  of  having  this  particular  difi"erence  of  temperature, 
so  that  each  plant — to  do  its  particular  duty — must  be  operated  for  the 
conditions  for  which  it  was  planned.  Incidentally,  it  is  generall}"  under- 
stood that  a  liberal  amount  of  evaporating  surface,  and  a  relatively 
high  suction  pressure  will  give  best  economy  to  the  plant.  With  a  certain 
amount  of  piping  (if  it  is  clean  and  operated  in  the  correct  manner),  if 
the  load  cannot  be  carried,  the  only  alternative  is  to  decrease  the  suction 
pressure,  but  this  lowers  the  capacity  of  the  compressor  and  increases 
the  horse  power  per  ton  of  refrigeration  and  therefore  such  action  should 
be  considered  the  last  resort. 
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Operation;  Removal  of  Non-condensible  Gases. — In  starting  up, 
even  with  a  good  vacuum  previous  to  charging,  there  will  be  air  in  the 
system,  and  the  operation  of  the  compressor  will  result  in  bringing  this 
air  finally  to  the  condenser  where  it  will  remain.  If  care  is  taken  not 
to  pump  a  vacuum  on  any  part  there  will  be  no  occasion  for  the  amount 
of  air  or  other  gases  to  increase.  ^  If  care  is  taken  not  to  pump  a  vacuum 
on  any  part  of  the  plant  there  will  be  no  occasion  for  the  amount  of  air 
or  other  non-condensible  gases  to  increase  in  amount.  Ammonia  or 
other  refrigerants  do  not  disintegrate  under  usual  operating  conditions, 
although  some  cheap  lubricating  oils  will  do  so  if  the  temperature  of  the 
discharge  gases  is  excessive. 

The  action  of  the  air  in  the  condenser  is  to  increase  the  pressure 
indicated  by  the  condenser  gage.  This  gage  registers  the  total  pressure, 
which  is  that  exerted  by  the  ammonia  plus  that  due  to  the  air  present. 
The  pressure  of  the  air  is  that  amount  which  it  would  itself  exert  if 
occupying  the  condenser  volume  by  itself  and  at  the  same  temperature. 
The  pressure  of  the  ammonia  is  that  surface  tension  exerted  by  the 
ammonia  during  liquefaction  and  (if  pure)  is  the  pressure  correspond- 
ing to  the  temperature  of  condensation.  The  law  of  partial  pressures'^  is 
then 

Ptotal  pressure  Plot  the  air     I     /^^ot  the  ammonia 

The  "  stuff  "  in  the  condenser  is  a  mixture  of  a  gas  and  a  vapor,  in 
different  percentages  in  different  parts  of  the  condenser,  but  still  a 
mixture.  If  air  is  present  the  film  surrounding  the  condenser  surfaces  is 
nearly  pure  air  while  the  condenser  is  in  operation.  The  densest  air  is 
where  the  condensing  water  is  coldest  as  a  rule,  but  the  non-condensi- 
ble gases  are  naturally  swept  along  in  the  direction  of  the  flow  of  the 
ammonia.  Purging,  to  free  the  condenser  of  foreign  gases,  should  be  at 
the  point  of  greatest  air  density.  This  would  be  the  upper  part  of  the 
shell  and  tube  condenser,  and  the  bleeder  condenser,  but  it  is  the  lower 
part  of  the  double  pipe  and  the  common  atmospheric  condenser. 

Purging  should  be  given  considerable  care.  Without  question  a  large 
amount  of  unnecessary  purging  is  done  and  under  no  circumstances, 

*  Even  sharp  freezers  requiring  —20  deg.  F.  can  secure  this  temperature  without 
having  a  vacuum  on  the  low  pressure  side  of  the  compressor.  The  reason  for  air 
leakage  into  the  compressor  when  operating  under  a  vacuum  is  that  the  stuffing 
box  on  the  rod  will  usually  leak  air  into  the  cylinder.  Pumping  a  vacuum  on  shutting 
down  is  very  bad  practice.  Modem  machines,  even  enclosed  compressors,  can  take 
150  lb.  on  the  low  pressure  side  without  difficulty.  It  is  advised  on  shutting  down 
that  the  evaporator  coils  be  pumped  down  to  not  lower  than  5  lb.  gage. 

<  See  Chapter  III. 
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whether  a  purging  device  is  used  or  not,  is  it  possible  in  practice  to 
purge  without  losing  ammonia.  The  easiest  way  to  purge  and  yet  con- 
serve the  ammonia  is  to  "  freeze  "  the  ammonia  out  of  the  mixture  by 
the  use  of  refrigerating  coils,  made  up  either  as  a  shell  and  coil  or  as  a 
double  pipe  arrangement.  All  that  is  required  is  to  cool  the  mixture 
to  as  low  a  temperature  as  practical,  under  which  conditions  the  partial 

pressure  of  the  ammonia  will  be  reduced  and 
the  weight  of  the  ammonia  per  cubic  foot  of 
mixture  will  be  reduced  in  proportion  to  the 
density  of  the  ammonia  at  that  temperature. 
This  method  will  not  free  the  gas  being 
purged  out  of  the  system  of  all  the  ammonia, 
and  hence  it  is  best  to  free  the  system  of  air 
and  not  permit  it  to  get  in  by  careless  opera- 
tion or  by  the  unnecessary  opening  of  the 
ammonia  pipe  lines  for  repairs.  At  the 
present  time  there  are  several  patented 
devices  to  assist  in  purging,  although  the 
purge  line  extending  into  a  bucket  of  water  is 
the  best  arrangement  for  the  small  plant. 
Figure  207  shows  the  Hill  non-condensible 
gas  separator  which  is  designed  for  auto- 
matic operation  with  a  relief  valve  set  at 
100  lb.  at  the  top  of  the  shell. 

The  Regenerator. — It  is  undoubtedly 
true  that  after  the  plant  has  been  in  opera- 
tion for  some  time  a  certain  amount  of 
lubricant  passes  around  the  cycle  continu- 
ally. The  oil  separator  does  not  separate 
all  of  the  oil  and  the  liquid  in  the  liquid 
receiver  does  not  separate  like  oil  and  water, 
but  forms  (to  some  extent)  a  solution  of 
licjuid  ammonia  and  oil.  The  result  is  that 
oil  will  get  into  the  low  pressure  piping,  as 
well  as  water  from  the  oil,  from  the  ammonia,  and  from  a  number  of 
other  sources. 

In  order  to  get  rid  of  the  water  and  the  oil  the  large  plant  uses  a 
regenerator  (Fig.  208)  which  operates  on  the  principle  of  boiling  out  the 
ammonia  at  suction  pressure.  Warm  water  is  usually  used  to  keep  the 
regenerator  warm  and  connections  are  made  to  this  device  from  all  low 
points  in  the  piping.  The  action  of  bleeding  off  should  be  done  at  fre- 
quent intervals;   the  ammonia  returning  at  suction  pressure  and  some- 


liquid  receiver 


Fig.  207. — Purge  Drum  and 
Connections. 
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what  superheated  back  to  the  compressor.  The  residue  consists  of  water, 
oil,  solid  materials  and  some  ammonia. 

Defrosting  the  Low  Pressure  Piping. — It  is  a  mistake  to  beheve  that 
frost  on  the  piping  will  give — on  account  of  the  larger  diameter — a 
greater  heat  transfer  than  would  be  possible  with  bare  pipe.  Frost  will 
decrease  the  heat  transfer  until  finally  the  evaporator  surfaces  will  fail 
to  give  results. 

There  are  a  number  of  ways  of  defrosting  pipes  :^  The  air  in  the 
room  may  be  permitted  to  rise  in  temperature,  or  the  refrigerant  may  be 

Gas 


outlet 


Absorbent 


Head 


Double  pipe  heater 

Fig.  208.— The  Regenerator, 


Water  inlet 
Drain      Water  outlet 
valve 


shut  off  or  the  machine  stopped  for  a  short  time,  the  snow  may  be 
brushed  off  or  the  ice  chipped  off  or  defrosting  may  be  accomplished 
by  the  use  of  hot  gases  from  the  compressor.  In  the  last  mentioned, 
the  preferred  method  in  some  plants,  the  frosted  pipes  act  as  a  con- 
denser, and  by  the  use  of  the  by-pass  valves,  or  by  the  use  of  a  special 
compressor,  the  hot,  superheated  gas  is  pumped  into  the  coils  to  be 
defrosted  (Fig.  209).  The  larger  plants  make  use  of  special  defrosting 
lines  which  can  be  used  at  other  times  for  the  purpose  of  pumping  out. 
Another  advantage  of  the  defrosting  pipe  line  is  that  the  warming  of  the 
piping  permits  the  congealed  oily  mixture  of  mill  scale,  oxide,  sand,  etc., 
with  the  lubricator  oil  to  flow  to  the  traps  at  the  low  points  of  the 

B  See  Chapter  VIII. 
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piping.  If  traps  are  not  installed,  and  it  is  desired  to  clean  out  the 
expansion  piping,  it  is  necessary  to  break  into  the  piping,  apply  steam 
and  then  compressed  air  and  finally  blow  out  the  line  as  at  the  time  of 
erection.  If  there  is  any  reason  to  believe  that  oil  is  congealed  in  parts 
of  the  condenser,  it  can  be  loosened  by  partly  shutting  off  the  water; 
but  the  better  way  would  be  to  open  up  the  two  ends  and  then  pass 
steam  followed  by  compressed  air  through  the  piping,  as  just  mentioned. 
Lack  of  Capacity. — The  refrigerating  system  is  a  closed  one,  using 
the  refrigerant  over  and  over,  but  the  system  is  subject  to  troubles 
inherent  in  the  manner  of  operation.  Scum,  dirt  and  scale  may  accumu- 
late on  the  water  side  of  the  condenser  due  to  impure  water,  frost  and 
oil  may  cover  the  outside  and  the  inside  respectively  of  the  evaporator 

Hardening  room 
rack 


Fig.  209. — Defrosting  Piping. 


surfaces;  leaky  valves,  piston  rings  or  scored  cyclinder  walls  may  result 
in  poor  pumping  ability  in  the  compressor;  obstructed  circulation  of  the 
water  or  the  ammonia  may  put  the  condenser  out  of  commission  or  at 
least  decrease  its  working  ability ;  and  faulty  action  in  the  brine  cooler 
or  the  direct  expansion  piping  may  result  in  a  poor  heat  transfer.  An 
example  of  an  improvement  in  operation  is  as  follows : 

a.  Removal  of  a  long  accumulation  of  ice  and  frost  permitted  the 
machine  to  be  operated  at  15  lb.  suction  pressure  gage  instead  of  3  lb. 
gage  with  equally  good  room  temperatures. 

b.  Removal  of  a  long  accumulation  of  oil  in  the  pipes  permitted  a 
further  rise  in  the  suction  pressure  from  15  to  17  lb.  gage. 

c.  The  piping  had  now  been  returned  to  normal  conditions.  This 
particular  job  was  under-piped,  and  by  an  increase  of  the  piping  the 
proper  room  temperature  was  obtained  by  operating  at  22  lb,  gage. 
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Referring  to  curves  showing  the  capacity  of  ammonia  compressors 
under  various  operating  conditions  it  will  be  seen  in  this  case  that  a  com- 
pressor (under  150  lb.  condenser  pressure)  will  require  9.2  cu.  ft.  per 
minute  piston  displacement  per  ton  of  refrigeration  at  3  lb-,  gage  and 
3.7  cu.  ft.  at  22  lb.  gage.  With  these  two  conditions  the  same  compressor 
would  give  nearly  2.5  times  the  capacity  at  22  lb.  as  at  3  lb.  suction 
pressure. 

Withdrawing  the  Charge. — Small  and  even  moderate-sized  plants 
are  supposed  to  have  receiver  capacity,  with  what  can  be  stored  in  the 
condenser  or  the  evaporator  coils,  to  store  all  of  the  ammonia  charge  in 
order  that  repairs  can  be  made  when  needed.    The  larger  plants  cannot 


Liquid  from  amm.  cond 
Liquid  to  exp.  coils 


Fig.  210. — Withdrawing  the  Ammonia  Charge. 


do  this,  and  withdrawal  of  part  of  the  charge  becomes  necessary.  In 
order  to  withdraw  the  ammonia  an  arrangement  similar  to  Fig.  210  can 
be  used.  Note  that  in  the  figure  the  shipping  drum  has  the  bent  tube 
pointing  upwards  so  as  to  be  able  to  free  the  drum  of  the  air  and  the 
gas  after  it  is  partly  filled  with  liquid.  The  method  is  to  pump  down  the 
pressure  by  closing  the  valves  A  and  C  and  opening  B,  F,  and  D.  After 
the  pressure  in  the  drum  has  been  lowered,  close  F  and  open  C,  repeating 
the  process  until  the  net  weight  in  the  drum  is  the  amount  the  drum  was 
designed  for,  usually  50  or  100  lb. 

In  withdrawing  the  ammonia  charge  from  the  system  it  is  not  neces- 
sary to  use  the  complicated  apparatus  just  mentioned.  Usually  it  is 
sufficient  to  proceed  as  follows: 

Connect  an  empty  shipping  drum  to  a  point  between  the  liquid 
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receiver  and  the  expansion  valve,  with  the  valve  on  the  shipping  drum 
pointing  down.  Open  the  connections  to  the  shipping  drum,  and  cool 
the  drum  with  cold  water  or  ice.  Note  when  the  drum  is  full  by  weigh- 
ing frequently.  Particular  care  must  be  taken  not  to  fill  the  drum 
beyond  the  safe  amount  indicated  by  the  shipping  tag. 

Causes  of  Excess  Pressure. — Excess  pressure  in  the  condenser  may 
be  caused  by: 

a.  Too  small  a  condenser,  hot  cooling  water,  or  too  small  an  amount 
of  water  for  the  temperature  of  the  water  used. 

b.  Inert  gases  in  the  condenser,  mostly  air  or  decomposed  lubricating 
oil 

c.  Poor  heat  transfer,  due  to  dirt  and  scale  from  the  cooling  water, 
and  oil  and  dirt  on  the  ammonia  side  of  the  condenser. 

d.  Condensers  partly  filled  with  liquid  ammonia  due  to  an  over 
charge  (for  the  suction  pressure  being  carried). 

e.  One  or  more  stands  not  functioning  due  to  broken  or  faulty 
valves  so  that  the  liquid  cannot  drain  properly. 

Causes  of  Loss  of  Capacity. — Loss  of  capacity  in  the  plant  may  be 
caused  by: 

1.  Insufficient  piping  surface,  or  frost  on  the  outside  and  oil  and 
scale  on  the  inside. 

2.  Leaky  valves,  or  safety  head,  piston  rings  or  scored  cylinders  in 
the  compressor;   slow  closing  of  the  valves  due  to  a  number  of  causes. 

3.  Obstructions  in  the  suction  lines  or  broken  valves  preventing  full 
opening. 

4.  Too  small  a  charge  of  ammonia,  thereby  permitting  gas  to  pass 
through  the  expansion  valve. 

5.  The  presence  of  water  in  the  evaporating  coils,  the  action  of  which 
is  to  require  a  lower  pressure  to  be  carried  in  order  to  obtain  the  temper- 
ature expected  of  anhydrous  ammonia. 

Figures  212  and  213  may  be  used  as  a  convenient  check  on  the 
capacity  and  other  characteristics  of  small  twin  cyhnder,  single-acting 
vertical  anunonia  compressors  for  the  rotative  speeds  indicated,  which 
are  nominal.  For  other  speeds  the  results  will  be  proportional.  Tables 
81  and  82  give  details  of  valves,  water  and  ammonia  connections,  etc., 
for  the  York  enclosed  compressor.  These  last  details  are  very  nearly 
standardized  and  are  approximately  true  of  all  American  manufacturers. 

Starting  Up. — The  usual  procedure  in  starting  up  the  compressor  is 
as  follows: 

1.  Turn  the  water  on  the  condenser  and  the  compressor  water  jackets. 

2.  Start  the  brine  pump,  and  (if  a  centrifugal  pump)  make  sure  that 
the  brine  is  flowing. 
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3.  See  that  the  kibricators  are  in  shape,  and  give  the  ammonia 
cylinder  a  small  amount  of  cylinder  oil  by  hand. 

4.  See  that  the  suction  and  the  discharge  valves  on  the  machine  are 
closed,  and  open  the  by-pass  from  the  discharge  to  the  suction. 

5.  Start  the  compressor,  and 

6.  Open  the  suction  and  the  discharge  valves.  Close  the  by-pass 
valve. 

7.  Adjust  the  expansion  valve  so  as  to  get  proper  operating 
conditions. 

Testing  for  Leaks. — Ammonia  losses^  are  greatest  through  the 
piston  rod  packing,  valve  stems,  and  flanged  joints.  It  is  next  to  impos- 
sible to  keep  the  piston  rod  packing 
(Fig.  211)  tight  if  the  rod  is  not 
centrally  located  at  all  times  in 
the  stroke.  Carelessness  in  taking  up 
wear  in  the  crosshead  shoe  is  respon- 
sible for  trouble  of  this  sort.  Also, 
the  piston  rod  will  wear  in  time  more 
in  the  middle  of  the  stroke  than 
at  the  ends.  Wear  in  excess  of 
in.  should  be  given  attention, 
probably  will  require  turning  down. 
It  is  wise  to  keep  all  valve  stems 
well  lubricated,  and  occasionally  tight- 
en on  the  packing.  The  sulphur  stick 
is  the  best  test  for  such  leaks,  a  leak 
being  indicated  by  white  fumes,  as 
already  stated. 

The  shell  and  tube  and  the  atmospheric  condenser  can  be  tested  with 
the  sulphur  stick  while  the  outside  is  dry,  and  the  pressure  is  up  to  about 
200  lb.  The  double  pipe  condenser  can  be  tested  in  the  same  manner, 
but  the  usual  manner  is  to  test  the  cooling  water  with  Nessler's  solution, 
which  turns  yellow  (or,  for  heavy  leaks,  deep  brown)  when  ammonia  is 
present  in  the  water.  The  same  test  is  equally  good  for  the  brine  cooler 
or  the  brine  (ice)  tank  as  well  as  the  jacket  water  of  the  compressor. 
Nessler's  solution  can  be  made  by  dissolving  17  grains  of  mercuric 
chloride  (HgCl2)  in  300  c.c.  of  distilled  water  and  35  grams  of  potassium 
iodide  (KI)  in  100  c.c.  of  distilled  water.  Add  these,  stir  until  a  slight 
red  precipitate  is  formed,  and  then  add  a  cool  solution  of  120  grams  of 

*  Average  ammonia  losses,  according  to  H.  T.  Whyte,  of  the  Consumers  Ice  Co., 
Chicago,  cost  2.3c.  per  ton  of  ice,  and  Charles  Neeson  of  the  Knickerbocker  Ice  Co. 
New  York,  states  that  the  average  of  14  plants  in  Philadelphia  is  2.0c.  per  ton. 


Spring^ /Packing  gland 
Split  ring  packing 


Fig.  211.— Piston  Rod  Packing. 


320 


ERECTION   AND   OPERATION 


potassium  hydrate  (KOH)  in  200  c.c.  of  water  and  then  dihite  with 
water  until  1000  c.c.  is  obtained.    Add  this  to  the  HgCl2  sohition  until 
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Displacement  per  ton  in  cubic  inches. 

a  precipitate  is  formed  and  then  let  it  stand  until  it  is  settled  and  finally 
pour  off  the  clear  hquid  into  a  blue  bottle  in  order  to  prevent  decomposi- 
tion. 
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When  testing  calcium  brine  for  ammonia  it  is  necessary  to  precipitate 
the  calcium  out  of  solution  first  by  adding  to  the  sample  of  the  brine 
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diluted  with  water  enough  concentrated  solution  of  sodium  carbonate 
(Na2C03)  to  precipitate  out  the  calcium,  and  then  add  to  the  filtrate 
Nessler's  solution.  A  change  to  a  brown-colored  solution  indicates  the 
presence  of  ammonia  in  the  original  solution. 
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Carbon  Dioxide  Systems. — In  carbonic  refrigeration  the  erection  is 
practically  the  same  as  for  ammonia.  In  charging  the  plant  it  has  not 
been  the  custom  to  pump  a  vacuum  as  is  always  done  in  the  case  of 
ammonia,  and  in  consequence  there  is  considerable  air  in  the  piping 
after  the  operation  of  charging  has  been  completed.  Heretofore  it  has 
been  considered  satisfactory  to  rely  on  the  numerous  leaks  in  the  piping 
to  remove  the  air  but  it  is  quite  evident  that  this  custom  will  need  to 
be  abandoned  and  that  provision  will  have  to  be  made  to  pump  out  the 
air,  at  least  partially,  as  in  the  case  of  systems  with  nominal  condenser 
pressures. 

Charging. — The  amount  of  the  charge  in  a  carbonic  system  can  be 
estimated  in  a  manner  similar  to  that  in  the  ammonia  plant  by  a  cal- 
culation of  the  internal  volume  of  the  condensers,  the  piping  on  the 
high  pressure  and  the  low  pressure  sides  and  the  amount  of  the  liquid 
which  should  be  in  the  condenser  and  the  liquid  lines.  By  the  selection 
of  the  specific  volume  of  the  vapor  for  the  pressures  expected  to  be 
found  in  the  pipes  a  fair  estimate  may  be  made  of  the  required  charge. 
The  usual  manner,  however,  has  been  the  rather  crude  method  of 
estimating  the  charge  by  the  discharge  pressure,  which  should  approxi- 
mate saturation  for  the  temperature  of  the  outgoing  condenser  water. 
If  the  condenser  pressure  is  considerably  lower  than  this  amount  then 
the  charge  is  insufficient  and  more  gas  must  be  added.  No  gage  glass 
is  used  on  the  liquid  receiver  of  the  carbonic  plant,  as  such  a  glass 
would  need  to  withstand  pressures  in  excess  of  1000  lb.  per  sq.  in.  nor 
has  it  been  the  custom  to  install  liquid  receivers  of  sufficient  size  to 
warrant  the  name. 

The  lack  of  a  liquid  receiver  is  surprising  inasmuch  as  a  pound  of 
ammonia  will  produce  as  much  refrigeration  as  7  or  8  lb.  of  liquid  carbon 
dioxide,  and  therefore  the  possibility  of  keeping  the  expansion  valve 
sealed  with  liquid  is  decreased  in  proportion.  For  example,  suppose 
that  with  ammonia  it  is  usual  to  have  a  liquid  receiver  containing  100 
lb.  of  liquid  in  order  to  supply  the  demands  of  the  service  imposed  on  it 
and  still  have  a  complete  liquid  seal  at  all  times  on  the  expansion  valve. 
For  the  same  variation  of  load  there  would  be  required  some  700  lb.  of 
carbon  dioxide  and  it  is  positive  that  such  a  liberal  charge  is  never 
supplied.  Such  being  the  case  it  is  very  likely  that  a  considerable 
loss  of  capacity  is  frequent  due  to  a  loss  of  the  liquid  seal.  The  absence 
of  a  glass  gage  on  the  lower  part  of  the  condenser  or  the  liquid  receiver 
makes  it  necessary  to  rely  on  the  pressures  with  the  result  that  the 
careless  operator  permits  the  plant  to  run  inefficiently.  There  is  no 
question  that  this  method  of  guessing  at  the  proper  operating  conditions 
should  be  removed  from  carbonic  refrigeration.     To  do  this  a  suitable 
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liquid  receiver  should  be  installed  and  a  liquid  level  indicator  (for 
example  a  hollow  steel  ball  within  a  brass  tube,  the  location  of  which 
can  be  shown  by  means  of  a  magnetised  indicator.)  There  are  also 
special  small  bore  glass  tubings  manufactured  at  the  present  time  which 
will  stand  from  1200  to  1400  lb.  per  sq.  in.  with  safety  and  these  can  be 
used  in  liquid  gage  glasses  if  desired. 

The  action  of  liquid  carbon  dioxide  in  the  refrigeration  system  is 
practically  identical  to  that  of  ammonia  and  other  volatile  liquids 
where  the  liquid  boils  in  the  evaporating  coils  in  absorbing  heat  and 
thereby  becomes  a  vapor.  The  only  disconcerting  factor  is  the  very 
low  critical  temperature  (88.0  deg.  F.)  above  which  the  gas  cannot  be 
liquefied  even  with  excessive  pressures.  However  this  fact  does  not 
mean  that  no  refrigeration  is  possible  at  condenser  pressures  greater 
than  that  corresponding  to  the  critical  temperature,  but  simply  that 
the  refrigerant  flowing  to  the  expansion  valve  is  not  a  liquid  although 
it  is  a  very  dense  gas.  The  P-I  diagram,  shown  in  Chapter  7,  indicates 
that  when  operating  above  the  critical  temperature  a  loss  in  the  refrig- 
erating effect  per  pound  of  carbon  dioxide  is  inevitable  but  that  otherwise 
there  is  no  difTerence  between  carbonic  and  ammonia  refrigeration. 

In  marine  practice  it  is  usual  to  overcharge  the  system  during  the 
passage  through  the  tropics.  The  reason  for  this  is  that  an  overcharge, 
as  the  refrigerant  does  not  condense,  means  a  heavier  discharge  pressure 
which,  for  a  stated  temperature  of  the  refrigerant  at  the  expansion 
valve,  means  a  smaller  value  of  I  at  this  point  in  the  cycle.  With  the 
excess  charge  more  work  is  performed  on  the  gas  during  compression 
but  the  capacity  is  increased  also.  The  actual  pressure  in  the  condenser 
under  these  conditions  has  no  connection  with  the  condensing  water 
and  it  may  be  1200,  1300  or  1400  lb.  per  sq.  in.  depending  on  the  amount 
of  the  overcharge. 

Great  care  must  be  exercised  to  operate  with  the  proper  sized  open- 
ing of  the  expansion  valve.  If  this  pressure  reducing  valve  is  open  too 
much  the  liquid  seal  is  broken  and  partly  cooled  gas  is  permitted  to  pass 
into  the  evaporating  coils.  The  effect  of  this  action  is  an  increased 
evaporating  pressure  and  a  reduced  condenser  pressure,  the  capacity 
of  the  plant  becomes  decreased  and  the  desired  temperatures  in  the 
evaporating  coils  will  not  be  obtained.  Charging  more  gas  into  the 
system  will  not  give  any  satisfaction. 

A  more  recent  and  advantageous  method  of  operation,  however,  is 
the  dual  system,  or  the  operation  of  the  compressor  by  admitting  two 
pressures  into  the  cylinder.  This  is  done  by  admitting  the  low  pressure 
gas  from  the  evaporating  coils  in  the  usual  manner  but  at  or  near  the 
end  of  the  suction  stroke  ports  in  the  cylinder  are  uncovered  with 
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register  with  a  suitable  connection  to  the  high  pressure  evaporating 
coils.  When  the  piston  overrides  these  ports  in  the  cyhnder  the  gas 
under  the  higher  pressure  flows  in,  the  low  pressure  suction  valve 
closes  and  the  gas  in  the  cylinder  increases  in  pressure  at  constant 
volume.  During  the  compression  stroke  the  total  weight  of  the  gas  in 
the  cylinder  is  compressed,  and  this  is  considerably  more  than  would 
have  been  the  case  if  the  low  pressure  suction  gas  only  had  been  com- 
pressed.    The  manner  of  operation  is  as  follows: 

In  the  dual  system  a  part  of  the  refrigerant  from  the  condenser 
which  may  be  a  liquid  at  80  or  85  deg.  F.  or  a  dense  gas  at  90  or  100 
deg.  F.  is  passed  through  suitable  cooling  coils  made  cool  by  a  fraction 
of  this  same  carbon  dioxide  from  the  condenser  which  is  regulated  to 
absorb  heat  at  a  temperature  of  approximately  50  or  60  deg.  F.  The 
vapor  resulting  from  the  cooling  of  the  refrigerant  is  at  a  higher  pressure 
than  that  of  the  evaporating  coils  performing  useful  refrigeration  and 
this  gas  enters  the  cylinder  at  the  end  of  the  suction  stroke  as  already 
mentioned. 

The  advantage  of  the  dual  system  is  very  evident.  The  refrigerant 
leaving  the  condenser  may  be  at  a  high  temperature  and  yet  by  the 
method  just  described  it  may  be  cooled  to  .some  temperature  between 
50  and  60  degrees.  The  same  weight  of  refrigerant  enters  the  evaporat- 
ing coils  in  each  case,  but  the  amount  of  refrigeration  per  pound  of  the 
carbon  dioxide  is  greater  with  the  colder  temperature  at  the  expansion 
valve.  The  dual  system  requires  more  power  for  compression  than 
the  simple  system. 

Operating  the  Absorption  Machine. — Referring  to  Chapter  3  it 
will  be  seen  that  a  definite  relationship  exists  between  the  temperature, 
concentration  and  the  pressure  of  the  aqueous  solution  in  the  generator. 
For  proper  operation  at  a  particular  steam  pressure  in  the  steam  heating 
coils  there  must  be  a  definite  average  concentration  of  the  aqua  in  the 
generator.  If  the  solution  is  too  weak  then  capacity  cannot  be  obtained 
without  raising  the  steam  pressure.  Also  the  proper  amount  of  aqueous 
solution  must  be  circulated  by  means  of  the  strong  aqua  pump  (Table  15). 

To  charge  the  system  a  vacuum  should  be  pumped  on  the  entire 
system  as  in  the  compression  plant,  by  using  some  form  of  vacuum  air 
pump  for  the  purpose.  The  refrigerant  is  charged  in  the  form  of  aqua 
until  the  generator,  absorber  and  exchanger  have  their  proper  amounts, 
then  wnth  anhydrous  ammonia  until  the  condenser,  liquid  receiver, 
evaporating  coils  and  the  return  line  to  the  absorber  have  the  proper 
amount  of  ammonia  for  operating  conditions.  A  calculation  similar 
to  that  given  for  the  compression  plant  can  be  made  for  the  absorption 
plant. 
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To  Operate. — In  operation  the  following  routine  should  be  followed: 
a.  Turn  on  the  water  to  the  condenser,  absorber,  rectifier  and  weok 

aqua  cooler. 

h.  Start  the  strong  aqua  pump  at  the  rated  speed,  see  that  the  weak 

aqua  is  flowing  properly  and  that  the  weak  aqua  regulator  is  operating. 

c.  Start  the  brine  pump,  if  there  is  one.  Note  the  absorber  pressure 
and  consider  whether  it  is  the  amount  desired  and  to  be  expected  with 
the  temperature  of  water  supplied  to  the  absorber. 

d.  Turn  the  steam  on  the  generator  steam  coils  and  adjust  the  pres- 
sure required  by  the  design  of  the  generator  and  the  concentration 
carried.  Note  the  amount  of  liquid  in  the  liquid  receiver  and  estimate 
whether  the  amount  is  sufficient. 

e.  Open  and  adjust  the  expansion  valve. 

In  shutting  down  use  the  reverse  order  of  operations. 

Some  disintegration  occurs  in  the  generator  and  inert  gases  are 
formed.  To  decrease  this  action  a  solution  of  potassium  dichromate 
using  0.2  lb.  per  100  lb.  of  aqua  should  be  added  to  the  generator. 

TABLE  81 
Suction  and  Discharge  Valves  as  Used  on  Vertical  Machines 


Suction  Valves 

Discharge  Valves 

Size  of 

Machine, 

Inches 

Number 
of  valves 

Diameter 

of  opening, 

inches 

Lift, 
inches 

Number 
of  valves 

Diameter 

of  opening, 

inches 

Lift, 
inches 

3X3 

4X4 
5X5 
6X6 
61 X  6^ 
7iX  7h 
8X8 
9X9 
10   XIO 

2A- 

31 

31 

4 

5 

5i 

61 

61 

1 

4 
3 
8 
3 
8 
5 
8 

i 

1 

2 

1 
2 
1 
2 

3 

3 
4 
5 
6 

6h 
2f 
3^ 
3^ 
2i 

1 

8 
3 
32 

i 

7 
64 

7 

64 
3 
8 
3 
8 
3 
8 
3 
8 
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TABLE  82 
York  Y-15  Compressor  Data 


Capacity 

in 

Tons 

Speed 

in 
R.p.m. 

Diam- 
eter of 

Shaft, 
Inches 

Connections,  Inches 

By 

Pass, 
Inches 

Weight 
Without 
Flywheel 

Pounds 

Flywheel 

Size 

of 

Machine 

Ammonia 

Water 

Diam- 

Face, 

Weight, 

Low 

High 

In 

Out 

inches 
inches 

1 

pounds 

3X3   S 

3X3  D 

4X4  S 

4X4  2) 

5X5  D 

6X6 

6^X6i 

7^X7§ 

8X8 

9X9 

10X10 

3 

u 
u 

3 

5 

8 
10 
15 
20 
25 
35 

255 
258 
215 
214 
192 
170 
170 
165 
173 
155 
158 

11 
li 
2 
2 

2i 

3 

3^ 

4 

4J 

5^ 

6 

3 

1 

]^  1 

u 
n 

2 
2 

2J 

i 

3 

1 

]^  1 

u 

1  2 
11 

2 

i 

f 

1 

3 

3 

1 

1 
1 

n 
u 

1 
1 

u 

i 

1 
1 

\ 
1 

1 
1 
1 
1 

1 

1 

550 

760 

640 

990 

1435 

1960 

2125 

3000 

4300 

6050 

8800 

30 
30 
32 
32 
36 
48 
48 
50 
60 
70 
78 

4 

4 

4i 

4i 

6^ 

7 

8 
10 
10 
lOi 
12i 

300 

300 

360 

360 

600 

700 

825 

1300 

1400 

1500 

2000 

CHAPTER  XI 
THE  TESTING  OF  REFRIGERATING  PLANTS 

The  testing  of  refrigerating  plants  should  not  be  a  very  different 
process,  in  principle,  from  that  used  for  any  other  kind  of  plant  except 
that  the  working  medium  is  usually  a  noxious  gas  and  is  not  permitted 
to  leave  the  metal  walls  of  the  retaining  pipe  system  or  other  apparatus. 
On  account  of  this  property  of  the  refrigerant,  and  because  the  media 
employed  are  all  quite  expensive,  due  care  must  be  taken  to  prevent 
accidents  and  undue  loss.  The  testing  consists  in  the  measuring  of  the 
temperatures  and  pressures,  the  weights  of  volumes  of  the  water,  liquid 
refrigerant,  and  brine,  the  indicated  horse  power  of  the  compressor,  the 
revolutions  per  minute,  and  other  quantities  affecting  the  capacity  of 
the  plant. 

In  testing  refrigerating  plants  the  investigation  may  be  for  the 
entire  plant,  or  it  may  be  confined  to  a  study  of  the  compressor,  the 
condenser,  or  the  low  pressure  side.  A  study  of  the  simple  compressor 
would  probably  involve  the  action  of  the  valves  and  ports,  the  degree 
of  tightness  of  the  piston  rings  and  valves,  and  possibly  the  temperature 
of  the  discharge  gas.  In  more  complex  machines,  as  in  the  case  of  dual 
compression  or  stage  compression,  the  investigation  could  very  well  be 
amplified  to  include  methods  of  varying  the  operating  conditions  and 
the  economical  methods  of  operation. 

The  condenser  furnishes  an  excellent  field  for  investigation  at  the 
present  time.  The  important  points  are,  as  regards  improving  the  effec- 
tiveness of  the  surface  supplied,  reduction  of  the  amount  of  water 
required,  and  the  reduction  of  the  condenser  pressure.  The  problem 
becomes  one  of  securing  values  for  heat  transfer  and  of  measuring  the 
amount  of  water  used  and  the  refrigerant  liquefied.  At  the  present 
time  (1927)  little  has  been  done  on  air-cooled  condensers  or  on  the 
automotive  fan  type  of  air-cooled  radiators  using  water  on  the  condenser. 

The  low-pressure  side  embraces  methods  of  increasing  heat  transfer. 
This  investigation  requires  a  knowledge  of  the  amount  of  the  refrigerant 
boiled  from  the  coils  per  unit  of  time  and  a  complete  knowledge  of  the 
temperatures  involved.  In  most  of  the  investigations  on  refrigerating 
systems  the  temperatures  involved  are  the  principal  observations  to  be 
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made,  and  in  the  following  the  methods  of  securing  temperatures  will 
be  given  considerable  prominence. 

Temperature. — There  are  three  ways  that  temperatures,  such  as 
are  required  by  refrigerating  engineers,  may  be  measured:  by  the 
ordinary  mercury  in  glass  thermometer,  by  the  electric  resistance 
thermometer,  and  by  the  thermocouple.  The  mercury  thermometer  is 
the  easiest  to  use  for  most  work,  but  it  is  subject  to  considerable  error. 
There  is  always  a  certain  time  lag  in  these  readings,  and  they  are  of 
value  only  when  the  temperatures  are  reasonably  constant.  The  greatest 
error  is  that  due  to  conduction,  especially  in  superheated  gas  temper- 
atures. The  graduations  should  be  etched  on  the  glass  tube,  and  the 
thermometer  should  be  cahbrated  for  32  deg.  F.  (the  melting  temperature 

of  ice  under  standard  atmospheric 
pressure)  and  possibly  at  212  deg.  F. 
(the  boiling  temperature  of  pure  water 
under  normal  pressure).  There  is  a 
tendency  for  the  bulb  to  change  its 
shape  with  time,  a  fact  that  affects  all 
readings,  and  there  is  a  possibility  that 
the  bore  of  the  tube  is  not  uniform  in 
cross  section,  which  would  affect  the 
intermediate  readings. 

Temperatures    requiring    accuracy 
should  be  secured  by  means  of  cali- 
biated  thermometers  throughout  the 
range  required  in  the  test.    In  refrig- 
eration the  temperatures  usually  de- 
sired are  between  —20  and  +40  deg. 
F.    Frequently  thermometers  can  be 
checked  sufficiently  well  by  calibration  with  a  standard  thermometer  in  a 
bath  of  oil,  immersed  up  to  the  point  of  immersion  of  the  test  thermom- 
eter under  test  conditions.  ^     The  thermometer,  for  low  temperature 

1  If  the  stem  exposure  correction  must  be  applied,  this  may  be  calculated  as 
follows: 

Correction  =  0.000085  X  N(T°  -  t°), 

where 

A'^  =  the  number  of  degrees  emergent  from  the  bath; 
T  =  the  temperature  of  the  bath; 
t  =  the  mean  temperature  of  the  emergent  stem. 

Example.— li  the  observed  reading  is  212  deg.  F.,  the  level  of  the  bath  (on  the 
thermometer  stem)  is  100  deg.  F.  and  the  mean  temperature  of  the  air  above  the 
bath  is  75  deg.  F.,  then 

the  correction  =  0.000085  X  112  X  (212  -  75)  =  1.3  deg.  F. 


Fig. 
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work,  is  best  located  as  shown  in  Fig.  214,  with  the  stuffing  box  and 
the  bulb  directly  in  the  fluid  the  temperature  of  which  is  desired.  Ihe 
metalhc  thermometer  well  (Fig.  215),  made  of  iron  for  ammonia  and 
brass  for  other  fluids,  is  a  good  arrangement  for  temperatures  that  do 
not  require  great  accurac3^  When 
temperatures  are  taken  in  this 
manner,  care  must  be  observed  to 
lag  the  pipe  sufficiently  on  both 
sides  of  the  well  so  as  to  insure 
against  radiation  and  other  losses. 
It  is  wise  to  insert  the  thermom- 
eter in  a  tee  (Fig.  215)  so  as  to 
eliminate  excessive  radiation  to 
the  walls  which  may  be,  under 
certain  conditions,  as  great  as  two 
or  more  degrees. 

The  Electrical  Resistance  Ther- 
mometer.— Resistance  thermom- 
eters are  based  on  the  principle  of 
the  change  of  electrical  resistance 
with  the  temperature,  which  means 
that  nothing  else — like  a  strain  on 
the  wire  or  the  action  of  corrosion 
— should  affect  the  resistance  of 
the  wire.  For  this  reason  these 
thermometers  use  platinum  and 
nickel  (the  latter  for  moderate 
temperatures).  In  the  construc- 
tion a  fine  wire  is  wound  on  a 
spool,  sometimes  about  |  in. 
diameter,  and  is  sealed  in  a  case.  -  The  measurement  of  the  resistance 
may  be  done  by  the  use  of  a  Wheatstone  Bridge  or  by  the  use  of  a 
potentiometer,  the  latter  being  shown  in  Fig.  216. 

The  use  of  a  potentiometer  necessitates,'^  ''  two  leads  from  each  of 
the  ends  of  the  resistance,  to  which  they  should  be  soldered  or  welded. 
The  resistance  to  be  measured  is  represented  by  r2,  B  is  the  battery  to 
pass  a  current  through  r2,  i?  is  a  standard  high-class  resistance.  The 
drop  of  voltage  across  R  measures  the  amount  of  current  passing  through 
R.  ri  is  the  resistance  which  would  be  used  to  bring  the  current  to  a 
suitable  value  for  the  size  of  wire  in  ro  and  the  value  of  R  -\-  ro.    The 

2  Bureau  of  Standards,  Circulars  No.  S  407  and  No.  T  170. 

'  P.  Nichols,  Temperature  Measurements,  Refrigerating  Engineering,  1924. 


Fig.  215. — Thermometer  Well  in  a  Tee. 


330 


THE   TESTING  OF   REFRIGERATING   PLANTS 


potentials,  e  and  e' ,  would  be  measured  on  the  potentiometer  and  from 
Ohm's  law, 

e' 


1-2  =  -R. 
e 


Adjustable  resist. 
^oprov^de^^p.  I-^amp.       ^W.  Battery 

-OBa.+  Br.Q  Ba.O- 

5  Ohms  resistance 


*To  check 
reading  of  battery 


-gE.M.F.(S   ^Zero  ^6Ga.(J) 
Il_|,_J     resistance! '.(J)-' 


Resistance  to/        Galvanometer 
protect  galvanometer 


Fig.  216. — Type  k  Potentiometer. 


"There  are  cases  where  the  resistance  principle  can  be  usefully 
employed,  such  as  where  the  resistance  wire  is  not  in  the  form  of  a 

bulb  but  is  laid  on  a  surface,  or  im- 
bedded in  a  material  when  it  is  de- 
sired to  obtain  an  average  tempera- 
ture over  a  considerable  length  or 
area.  For  this  platinum  would  usually 
be  too  expensive  and  unnecessary. 
For  short  lengths  nickel  would  be 
used,  and  for  long  lengths,  copper. 
To  be  able  to  translate  resistance 
values  into  temperatures,  wire  with 
equational  relationship  between  the  two 
Fig.  217.-Arrangements  for  Electric  ^ould  be  purchased  from  an  instru- 
Resistance  Thermometer.  ment  maker,  or   a   piece   to   be   used 

would  be  calibrated.  If  this  method 
is  used,  an  analysis  should  be  made  of  the  readings  which  are  obtained, 
in  order  to  find  the  best  value  for  r2,  and  for  the  current  passed  through. 
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"The  resistance  and  temperature  coefficient — that  is,  its  change  of 
resistance  per  degree  of  temperature — of  commercial  copper  is  fully 
covered  in  B.  of  Std.,  S.  147  and  S.  148.  Commercial  soft  wire  was 
found  to  have  a  fairly  constant  value  in  different  samples  and  the 
temperature  coefficient  below  212  deg.  F,  has  a  linear  relationship  with 
temperature,  so  that 

7^1  =  Roll  +  a(ti  -  to)]. 

where  Ri  and  Rq  are  the  resistances  at  ti  and  to,  and  a  is  a  constant  for 
a  definite  value  of  ^o-  The  symbol  a  represents  the  coefficient  for  con- 
stant mass;  that  is,  we  are  dealing  with  a  fixed  weight  of  wire  and  not 
a  fixed  length,  as  the  length  will  change  with  the  temperature.  Values 
for  copper  are: 

^0  a 

32  deg.  F.      0.00238 

59  deg.  F.      0.00223 

68  deg.  F.      0.00219 

77  deg.  F.      0.00214 

The  value  for  a  within  the  range  of  32  to  77  deg.  F.  also  can  be  expressed 

as 

a  =  0.00255  -  0.0000053/. 

"If,  for  example,  the  resistance  of  a  piece  of  copper  wire  were 
measured  at  59  degrees  and  found  to  be  R,  then  the  temperature  at  any 
other  resistance,  Rt-  is  found  from  the  equation 

_    Ri  —  Ro    _  . 
^  ~  0.00223/^0 

These  data  are  useful  under  some  circumstances,  or  for  changes  of 
temperature,  as  they  only  involve  measuring  the  resistances  of  a  piece 
of  wire  used  at  one  known  temperature.  For  accuracy,  the  value  of 
Ro  and  a  should  be  obtained  by  finding  the  resistance  of  the  actual 
pieces  of  wire  to  be  used — preferably  with  the  leads  attached — at  two 
temperatures. 

"Nickel  wire  is  more  likely  to  vary,  on  account  of  impurities,  and 
must  be  calibrated.  The  equation  log  R  =  a  -\-  bt  holds  approximately, 
and  values  for  a  and  b  can  be  determined  by  tests  at  two  temperatures. 
For  a  good  commercial  wire  a  =  0.0119  and  b  =  0.000372  for  t  in  degrees 
F.  Table  83  will  guide  in  fixing  the  size  of  the  wire  to  be  used.  There 
is  no  advantage  in  too  high  a  resistance,  since  although  the  difference 
in  resistance  will  be  larger,  yet  the  sensitivity  of  the  measuring  instru- 
ment decreases.    If  the  wire  is  uninsulated  the  apparent  resistance  will 
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be  affected  by  moisture  collecting  on  the  wire.    For  accurate  work  all 
wire  used  should  be  calibrated." 

TABLE  83 
Resistance  pek  Foot  of  Wire  at  70  Dec.  F. 


Size  of 

Size  of 

B.  &S. 

Copper 

Nickel 

B.  &S. 

Copper 

Nickel 

Gage 

Gage 

21 

0.013 

0.079 

31 

0.130 

0.811 

22 

0.016 

0.100 

32 

0.164 

1.004 

23 

0.020 

0.125 

33 

0.207 

1 .  275 

24 

0.025 

0.159 

34 

0.260 

1.619 

25 

0.032 

0.200 

35 

0.328 

2.047 

26 

0.041 

0.254 

36 

0.414 

2 .  572 

27 

0.051 

0.314 

37 

0.522 

3.183 

28 

0.065 

0.405 

38 

0.658 

4.019 

29 

0.082 

0.503 

39 

0.830 

5.270 

30 

0.103 

0.643 

40 

1  047 

7.144 

Thermocouples. — The  principle  of  the  thermocouple  is  that  of  the 
production  of  a  small  electromotive  force  due  to  the  contact  of  two 


Cold 


Hot  (b) 


Hgfl 

Hot        (c) 

Metal  (d) 

Fig.  218. — Simple  Thermocouple  Connections. 

dissimilar  metals  which  under  certain  well-defined  conditions  is  a  func- 
tion of  the  difference  of  the  temperature  of  the  two  junctions  and  of  the 
metals  used.  A  very  simple  thermocouple  arrangement  is  illustrated  in 
Fig.  218,  in  which  a  galvanometer  is  shown  in  the  circuit,  and  in  cases 
b,  c  and  d  the  galvanometer  is  also  the  cold  junction.  In  a  the  cold 
junction  may  be  the  temperature  of  the  air  in  the  room  or  it  may  be  a 
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container  with  a  mixture  of  ice  and  water.  The  wires  must  be  insulated 
between  junctions.  Thermocouples  ma}^  be  used  in  series  (Fig.  220), 
and  the  total  e.m.f.  will  be  the  sum  of  each  separate  e.m.f.,  in  which 
case  the  usual  practice  is  to  divide  by  the  number  of  the  couples  in  order 
to  find  the  average,  or  it  can  be  in  parallel  (Fig.  220).  If  a  number  of 
couples  are  in  parallel,  the  resulting  reading  of  the  potentiometer  will 


TABLE  84 

Copper — Constantan  Thermocouple 

E.m.f. — Temperature,  With  Cold  Junction  in  Ice 
Deophysical  Laboratory  (L.  A.  Adams) 


E.m.f. 

Temperature, 

Temperature 

E.m.f. 

Temperature, 

Temperature 

Millivolts 

Degrees  F. 

Difference 

Millivolts 

Degrees  F. 

Difference 

-1.0 

-16.28 

4.99 

1.0 

77.48 

4.41 

-0.9 

-11.29 

4.95 

1.1 

81.89 

4.38 

-0.8 

-  6.34 

4.91 

1.2 

86.27 

4.36 

-0.7 

-    1.43 

4.88 

1.3 

90.63 

4.33 

-0.6 

3.45 

4.84 

1.4 

94.96 

4.32 

-0.5 

8.29 

4.81 

1.5 

99.28 

4.30 

-0.4 

13 .  10 

4.77 

1.6 

103 . 58 

4.28 

-0.3 

17.87 

4.74 

1.7 

107.86 

4.26 

-0.2 

22.61 

4.71 

1.8 

112.13 

4.23 

-0.1 

27.32 

4.86 

1.9 

116.35 

4.21 

0.0 

32.00 

4.66 

2.0 

120 . 56 

4.19 

0.1 

36.66 

4.63 

2.1 

124 . 75 

4.18 

0  2 

41.29 

4.61 

2.2 

128.93 

4.16 

0.3 

45.90 

4.59 

2.3 

133.09 

4.14 

0.4 

50.49 

4.56 

2.4 

137.23 

4.13 

0.5 

55.05 

4.53 

2.5 

141.36 

4.11 

0.6 

59.58 

4.51 

2.6 

145.47 

4.09  . 

0.7 

64.09 

4.49 

2.7 

149.56 

4.08 

0.8 

68.58 

4.46 

2.8 

153.64 

4.06 

0.9 

73.04 

4.44 

2.9 

157.70 

4.04 

1.0 

77:48 

3.0 

161.74 

give  an  average  e.m.f.  provided  all  of  the  leads  to  the  common  junction 
points  are  of  equal  resistance.  At  times  it  is  very  desirable  to  have  two 
or  more  couples  arranged  in  parallel.  The  factors  which  may  affect  the 
reading  of  the  couple  are  as  follows,  but  they  are  usually  smaller  than 
the  accuracy  of  most  investigations:'^ 

"1.  Lack  of  homogeneity  of  the  wires.   This  will  introduce  no  varia- 
tion unless  it  occurs  in  a  portion  of  the  wire  in  which  there  is  a  temper- 

*  P.  Nichols,  Temperature  Measurements,  American  Society  of  Refrigerating 
Engineers,  May,  1924. 
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ature  gradient,  as  exists  somewhere  between  the  junctions.  The  effect 
is  equivalent  in  action  to  having  thermo-elements  in  the  wire  itself,  and 
with  a  difference  of  temperature  there  will  be  an  e.m.f.  generated. 
Such  an  effect  will  not  be  large  and  can  be  tested  for  by  changing  the 
depth  of  insertion  of  the  couple  wires  in  the  hot  medium,  or  by  other- 
wise creating  temperature  gradients  at  different  points.  Such  stray 
e.m.f. 's  are  also  caused  by  strain  in  the  wires,  and  sharp  bends  should  be 
avoided  in  the  larger  sizes,  especially  where  they  emerge  from  the  hot 
or  cold  media. 

"  2.  Galvanic  effects  at  any  portion  of  the  circuit.  These  will  be 
reduced  by  orderly  arrangement  of  the  wires  and  by  keeping  them  dry. 
It  will  be  well  to  coat  the  insulation  with  paraffin. 

"  3.  E.m.f.  from  contact  of  dissimilar  metals  in  the  lead  system. 
This  may  be  in  switches  or  lead  wires.  Care  in  locating  instruments  or 
switches  so  that  different  portions  are  not  at  different  temperatures, 
will  reduce  this. 

"  4.  Caused  by  other  electric  circuits  or  by  stray  leakage.  This  can 
be  tested  for  by  opening  and  closing  the  switches  in  such  lines  to  test  as  to 
whether  the  reading  is  different  with  or  without  those  lines  in  use.  Also 
by  shielding  the  instruments — that  is,  mounting  them  on  sheet  metal 
plates,  all  of  which  are  connected  together. 

"Too  much  importance  cannot  be  paid  to  the  proper  insulating  of 
the  lead  wires,  terminal  blocks  and  all  parts  of  the  circuits,  especially  if 
they  are  mixed  up  with  high  voltage  used  for  heating  or  other  test  pur- 
poses. If  the  atmospheric  conditions  are  good  and  the  humidity  low, 
there  usually  should  not  be  any  trouble;  but  in  hot,  humid  weather, 
or  damp  working  conditions,  the  stray  leakage  may  become  serious.  The 
use  of  rubber  covered  copper  leads  is  a  good  precaution  and  the  ordinary 
No.  18  or  19  black  fixture  wire  is  very  good  in  that  it  does  not  take  on 
moisture  at  the  surface  so  easily.  The  cotton  covering  over  an  ordinary 
flexible  lamp  cord  may  cause  trouble,  especially  if  the  rubber  is  poor, 
and  it  is  sometimes  necessary  to  soak  it  in  paraffin  or  cut  it  back  for 
several  inches  at  the  ends,  so  as  to  expose  the  bare  rubber. 

"  5.  Corrosion  and  deterioration,  with  proper  care  of  the  couples, 
are  not  factors  at  low  temperatures."^ 

The  wiring  diagram  for  the  Type  K  Leeds  and  Northrup  potentiom- 
eter is  shown  in  Fig.  216.    This  inchides  the  potentiometer,  lamp  and 

^  It  should  be  noted  that  where  the  galvanometer  or  the  deflection  method  is 
used  the  reading  is  a  function  of  the  resistance  of  the  leads,  and  any  change  in  the 
resistance  such  as  is  produced  by  resistance,  corrosion,  or  the  switches,  maj'  seriously 
affect  the  calibration,  while  with  the  potentiometer  the  reading  is  independent  of 
the  resistance  of  the  circuit. 
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Glass 
tube 


scale,  selector  switch,  standard  cell  galvanometer,  battery  or  dry  cell, 
and  the  necessary  thermocouples  and  cold  junctions.  The  manner  of 
procedure  is  to  check  the  battery  against  the  standard  cell  by  getting 
such  a  resistance  in  the  potentiometer  line  that  the  battery  current  will 
just  neutralize  that  of  the  standard  cell  and  the  net  result  will  be  zero 
deflection  of  the  galvanometer.  The  battery  now,  for  a  short  interval 
of  time,  will  deUver  a  standard  e.m.f.  which  tends  to  make  a  current  of 
electricity  flow  in  a  certain  direction.  The  e.m.f.  of  the  couple  tends  to 
cause  a  current  in  the  opposite  direction  and  the 
resistance  of  the  circuit  is  varied  until  the  two  cur- 
rents are  equal  and  the  galvanometer  deflection 
is  zero. 

The  Recording  Thermometer. — The  recording 
thermometer  may  be  used  at  times  when  results 
of  approximate  correctness  are  desired.  For  remote 
indication  of  temperature  there  are  only  three 
distinct  methods  employed: 

a.  The  direct  expansion  of  hquids. 

b.  The  vapor  tension  of  volatile  liquids. 

c.  The  expansion  of  inert  gases. 

Rubber 
The  recording  thermometer  requires  a  bulb  to 

be  placed  at  the  point  where  the  temperature  is 
required,  and  also  a  fine  bore  flexible  tube  con- 
nection to  the  indicating  gage  device  attached  to 
clockwork. 

Pressures. — Pressures  are  usually  given  in 
pounds  per  square  inch  above  the  atmosphere, 
and  are  indicated  either  by  a  tube  mechanism 
or  by  a  diaphragin. 

The  tube  for  ammonia  is  of  special  steel, 
hardened  and  tempered,  whereas  for  brine,  steam, 
etc.,  other  materials  can  be  used.  The  tube  is 
elhptical  in  cross-section  and  more  or  less  semicircular  in  shape.  As 
pressure  is  applied  the  tube  tends  to  straighten  and,  by  means  of  Hnks, 
a  rack,  and  pinion,  a  dial  is  made  to  turn.  No  gage  of  this  sort  should 
be  used  without  cahbration  by  means  of  a  suitable  dead  weight  tester. 
For  accurate  work,  cahbration  should  be  done  before,  after  and  (for  long 
tests)  during  the  test.  The  barometer  should  be  recorded  at  all  times 
when  accurate  data  are  required  as  the  ordinary  gage  indicates  the 
pressure  above  or  below  the  atmosphere. 

Besides  the  absolute  pressures  there  is  frequent  need  of  pressure 


Fig.  219.— Thermc 
couple  Fitting. 
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differences.  Sometimes  this  can  be  given  by  means  of  a  U  tube  contain- 
ing mercury,  oil,  water  or  other  liquids.  Figure  221  gives  a  good  design 
for  obtaining  differential  pressures,  such  as  would  be  needed  in  the 


H,  n, 


Hj  H2H3 


S.  P.  Switch^ 


)| — ->       I      Small 
iLli  copper 

ff)  I  lea  box    '<:-5S^ 

^-Zy  D.  p.  Switch 

(b) 


li    Ice  box 


Cold 


Hot  Junctions 


Cold  Junctions 


(a) 


Cold 


Fig.  220. — Thermocouple  in  Series  and  in  Parallel. 

ammonia  gas  line  in  order  to  show  differences  of  pressure  in  the  flow  of 
superheated  ammonia  through  pipes  and  fittings.  The  inverted  U  tube 
can  be  used  in  other  cases,  as,  for  example,  in  measuring  the  flow  of 
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liquid  ammonia  through  a  thin  plate  orifice  or  Venturi  meter;  the 
differential  height  being  in  terms  of  the  liquid  flowing,  which  in  this 
case  is  liquid  ammonia.  The  float  type  differential  gage,  "^  designed  for 
differential  pressures  up  to  100  in.  of  mercury  pressure,  is  shown  in 
Fig.  222.  This  instrument  can  take  static  pressures  up  to  1000  lb. 
per  sq.  in. 

Measurement  of  Quantity. — Brine. — If  the  brine  is  circulated  by 
means  of  a  centrifugal  pump,  then  the  Venturi  and  plate  orifice  method 
of  measurement  is  satisfactory,  but  these  methods  are  not  accurate  if 


„  High  pressure 
F^-^ glass  tube  |    ^ 


^H 


I- -I x-l 

IL Jl 

elQJQ 


Fig.  221. — Differential  U  Tube  Gage  for  Ammonia. 

the  reciprocating  pump  is  used,  on  account  of  the  pulsation  developed. 
In  any  case  the  method  of  direct  weighing  on  platform  scales  should  be 
provided,  or  the  orifice  should  be  calibrated  and  then  erected  in  place 
without  change  in  the  piping  for  a  length  equivalent  to  about  40  to  50 
diameters  of  the  pipe  on  both  sides  of  the  meter  or  orifice. 

Water. — The  amount  of  water  passing  over  the  condenser  can  be 
measured  also  by  means  of  the  thin  plate  orifice  and  the  Venturi  meter 
as  well  as  the  diaphragm  piston  and  other  forms  of  meters  for  measure- 
ment under  pressure  and  by  the  rectangular  and  V  notch  weir.  The 
principle  of  the  fluid  meter  is  as  follows: 


®  The  Foxboro  Company. 
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Venturi  Meter. 


^'  =  ^'W^^  ^  ^^^^^'' 


where 


Vi  =  the  rate  of  flow  in  cubic  feet  per  second; 
C  =  a  constant  =  0.97  to  1 .00  as  a  rule; 
7i  =  M(2gh)^  theoretically; 


M  = 


Fig.  222. — Differential  Pressure  Gage. 
^1 


Vi  =  CM{2gh)'  practically, 
Ai  =  area  entrance  section  at  upstream  connection,  square  feet. 


^-m 
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where 

Di  —  the  entrance  diameter; 

D2  =  the  throat  diameter. 

„  .       ,  .  ,u  ,  r  JD2  X  S2  X  d 

C  IS  also  given  as  the  value  01  / 


,h.-h,> 


Z2222^^^S^, 


Direction 
of  flow 


Venturi  tube^ 
\    ^Throat  connection 

<-Rate  of  flow  seal* 


Main  connection'^         h 


h=h,*h. 


Fig.  223.— The  Venturi  Gage. 


where 


<S  =  the  speed; 
d  =  the  density; 
u  =  the  viscosity; 
h  is  the  differential  level  in  feet  of  the  liquid  flowing. 
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where 


The  Thin  Plate.— Here,  also, 

T"  =  CM(2yh)'  cubic  feet  per  second, 

A  =  cross-section  pipe,  square  feet; 

C  =  discharge  coefficient  =  0.60  to  0.62; 

R  =  -f^,   where  Di  =  diameter  of  pipe,   Do  =  diameter  of 
orifice. 
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Fig.  224.— The  Thin  Plate  Orifice. 


If  the  differential  pressure  is  not  measured  in  feet  of  the  liquid  in  the 
pipe  but  as  a  head  ho  (feet)  of  the  liquid  of  density  do,  and  d  =  density 
of  liquid  to  be  measured,  then 

do' 


and 


V  =  CMi2gho^ 


W  =  CM(2ghodod)^  pounds  per  second. 


Measurement  of  Refrigeration, — Of  all  the  quantities  to  be  observed 
in  testing  refrigerating  plants  that  of  measuring  the  amount  of  the 
refrigeration  is  the  most  important,  as  this  quantity  is  valuable  in 
determining  the  heat  balance  of  the  condenser  and  the  brine  cooler  and 
the  performance  of  the  compressor.  The  volume  and  the  weighing 
methods  have  been  used  extensively  for  this  purpose,  especially  for 
ammonia. 
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The  weighing  method  is  a  satisfactory  means  of  obtaining  the  amount 
of  hquid  refrigerant  passing  through  the  expansion  valve.  The  apparatus 
consists  of  two  drums  on  platform  scales  connected  by  means  of  flexible 
pipes  (Fig.  225)  with  the  header  from  the  condensers.  Flexible  pipes 
for  equaHzing  must  be  installed  also,  and  the  connection  from  the  con- 
denser should  be  very  liberal  in  cross-section  and  should  be  erected  with 
a  constant  slope  to  the  weighing  drums. 

If  the  knife  edges  on  the  platform  scales  are  in  good  shape,  the 
weight  of  the  liquid  refrigerant  can  be  obtained,  usually,  to  within 
I  per  cent  error.  The  usual  procedure  is  to  weigh  the  drum  empty  and 
full  and  to  alternate  from  one  drum  to  the  other.  A  test  should  be  made 
to  see  what  weight  on  the  platform  will  make  the  beam  rise  through  its 
full  distance.    Ammonia  cocks  can  be  used  to  advantage  here  so  as  to 
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Fig.  225.— The  Flexible  Weighing  Drum. 


give  a  quick  full  opening  and  closing  of  the  valve.  Instead  of  weighing 
the  total  amount  of  ammonia  passing  through  the  expansion,  the  author 
prefers  the  method  with  the  use  of  standard  weights  and  an  electric 
bell  contact  on  the  scale  beam.  In  this  case,  with  the  drum  normally 
empty,  the  standard  weight  is  placed  on  the  platform  and  the  time 
noted  with  a  stop  watch  when  the  beam  makes  contact  at  the  top  at 
which  time  the  standard  weight  is  removed.  The  time  is  again  noted 
when  the  scale  beam  rings  the  bell  again,  as  this  will  represent  the  lapse 
of  time  during  the  filling  of  the  drum  to  an  amount  equal  to  the  weight 
of  the  standard  weight.  Such  a  method  requires  constant  conditions  of 
operation,  but  no  test  is  of  any  value  unless  the  test  conditions  are 
constant.  The  test  can  be  continued,  alternating  from  one  drum  to  the 
other,  and  the  rate  of  floiv  can  be  secured  in  this  manner.    The  total 
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weight  recorded  is  not  the  total  weight  of  condensate,  but  this  total 
weight  is  not  desired. 

The  Calibrated  Tanks  for  Ammonia. — Where  headroom  will  permit, 
the  method  of  measuring  the  liquid  ammonia  by  the  use  of  calibrated 
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Fig.  226.— The  Calibrated  Drum. 


tanks  is  sometimes  better  than  by  the  use  of  the  weighing  drums  (Fig. 
226).  In  this  case,  also,  cocks  are  better  than  valves  if  the  cocks  can 
be  made  tight,  but  tightness  is  the  first  essential.   The  upper  connection 
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to  the  stand  of  condensers  should  be  hberal,  and  each  tank  should  be 
fitted  with  a  gage  glass  of  the  best  quality  glass  and  with  automatic 
stop  valves.  The  calibration  should  be  made  after  everything  is  piped 
ready  for  operation,  by  syphoning  in  water  of  a  known  weight  and 
temperature,  for  which  a  scale  of  cubic  feet  can  be  constructed. 

The  particular  advantage  of  the  calibrated  tank  is  that  a  check 
reading  can  be  made  readily.  For  example,  operating  conditions  are 
established  and  maintained  for  a  certain  interval  of  time.  After  that  it 
would  be  expected  that  the  amount  of  liquid  leaving  one  drum  would 
always  equal  the  amount  entering  the  other.  If  this  is  not  so  then 
equilibrium  has  not  been  established,  and  the  irregularity  should  be 
explained.  As  vertical  tanks  only  are  approved,  a  check  can  be  made  of 
the  rate  of  flow  by  readings  at  frequent  time  intervals.  As  the  tank 
calibration  is  in  cubic  feet  the  temperature  of  the  liquid  in  the  tank 
needs  to  be  taken  in  order  to  reduce  to  pounds. 

Both  the  weighing  and  the  volume  methods  of  measuring  the  liquid 
refrigerant  need  cumbersome  apparatus,  not  easily  moved  from  one 
plant  to  another  like  an  engine  indicator  or  a  test  wattmeter.  Attempts 
have  been  made  ^  to  demonstrate  the  value  of  the  Venturi  meter  for 
measuring  liquid  ammonia.  While  the  Venturi  meter  and  the  flat  plate 
orifice  are  excellent  means  of  measuring  water  and  brine,  yet  with  liquid 
ammonia  the  case  is  different,  for  in  this  case  there  is  a  volatile  fluid 
tending  to  form  bubbles  of  gas  with  a  decrease  of  pressure  or  an  increase 
of  temperature.  For  example,  if  the  air  temperature  is  90  deg.  F,  and 
the  condenser  pressure  is  150  lb.  gage  (corresponding  to  a  temperature 
of  saturation  of  84.4  deg.),  then  there  will  be  a  tendency  to  absorb 
heat  and  vaporize.  A  drop  of  pressure  will  take  place  in  the  meter 
which  will  cause  trouble  also.  The  method  advocated  is  to  precool  the 
liquid  ammonia  before  it  arrives  at  the  Venturi  (or  thin  plate  orifice)  by 
means  of  the  coldest  water  available  at  the  plant.  The  flow  meter  can 
be  used  to  advantage  to  adjust  the  expansion  valve,  but  it  has  not  been 
proved  to  be  a  reliable  means  of  securing  the  weight  of  the  refrigerant. 

Indicating  the  Power  of  the  Compressor. — The  valves  of  the  ammonia 
compressor  are  not  mechanically  operated^  and  therefore  they  cannot 
be  set  improperly.  The  suction  valve  of  the  vertical  compressor  is 
usually  a  balanced  valve,  while  the  horizontal  compressor  can  have  a 
number  of  designs,  and  frequently  employs  the  plate  (ring  plate)  type. 
The  indicator  diagram  is  of  no  value  in  showing  the  setting  of  the 
valves,  although  it  can  show  sluggish  action,  excess  pressure  in  the 
cylinder  due  to  inertia  of  the  valve,  excess  pressure  loss  in  getting  the 

'  Compound  Compressors,  Geo.  Home,  Refrigerating  Engineering,  1923. 

*  The  sleeve  valve  of  the  H.  J.  West  compressor  is  mechanically  operated  (Fig.  47). 
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gas  out  of  the  cylinder  and  into  the  condenser  and  leaky  valves  and 
piston  rings. 

In  using  the  steam  engine  indicator  very  great  care  must  be  exer- 
cised, especially  if  the  speed  is  over  100  r.p.m.,  or  inaccurate  results  will 
be  experienced.^   The  principal  sources  of  error  are: 

a.  Inaccurate  springs. 

b.  Excessive  friction  in  the  indicator  on  account  of  the  piston. 

c.  Loss  motion,  poor  design  and  excess  inertia  in  the  indicator 
mechanism. 

d.  Inaccurate  reducing  motion,  inertia  effects  of  the  drum,  stretching 
of  the  indicator  cord. 

The  outside  spring  indicator  has  the  advantage  of  the  inside  spring 
type  because  of  the  lesser  temperature  variation  in  the  indicator  cylinder, 
although  this  is  less  important  in  ammonia  compression  than  in  steam 
engine  testing. 

Reducing  Motion. — An  indicator  card  about  3^  in.  long  is  usually 
desired,  and  some  connection  is  necessary  to  the  crosshead  or  the  shaft 
through  a  special  mechanism  in  order  to  secure  this  reduced  motion. 
If  the  crosshead  is  conveniently  located  some  form  of  pantagraph  is 
usually  the  best,  or  a  specially  designed  reducing  motion  can  be  laid 
out  on  the  drawing  board  for  the  particular  compressor.  Whatever  type 
of  reduction  is  used  should  be  centered  accurately,  the  pins  should  be  of 
steel,  hardened  and  ground,  and  arranged  for  lubrication.  If  the  cross- 
head  cannot  be  reached,  an  eccentric  on  the  shaft  or  a  crank  and  con- 
necting rod  should  be  used,  designed  for  the  same  ratio  of  crank  to  con- 
necting rod  as  in  the  compressor.  The  reduced  motion  can  be  extended 
to  a  convenient  point,  where  attachments  to  the  indicator  can  be  made, 
by  means  of  steel  wire  kept  taut  all  the  time  by  means  of  a  helical  spring. 

For  speeds  of  200  r.p.m.  and  over  the  steam  engine  indicator  is  of 
doubtful  value.  Under  such  conditions  some  other  form  of  indicator, 
the  optical  or  the  Bureau  of  Standards'  diaphragm  type,  for  example, 
should  be  used. 

Other  Test  Observations. — There  should  be  means  of  measuring 
the  speed,  the  electrical  power  input  (if  electric  driven),  the  density  and 
the  specific  heat  of  the  brine,  and  of  the  condensing  water  if  this  is  not 
fresh  water,  the  barometer,  etc.  If  the  compressor  is  steam-engine 
driven,  indicator  cards  of  the  steam  cyhnder,  the  weight  of  the  steam 
and  the  initial  quality  of  the  steam  are  desired.  A  test  code  for  refriger- 
ating machines  has  been  prepared  jointly  by  the  American  Societies  of 
Mechanical  and  Refrigerating  Engineers,  and  is  given  in  the  following: 

•  Experimental  Engineering,  Carpenter  and  Dieterichs,  John  Wiley  and  Sons. 
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Test  Code  for  Refrigerating  Systems 

1.  The  Test  Code  for  Refrigerating  Systems  is  intended  for  use  in  the  deter- 
mination of  the  performance  of  compression  systems  in  which  compressors  of  the 
reciprocating  type  are  used  as  well  as  absorption  machines.  The  term  "refrigerating 
system,"  as  used  in  this  Code,  includes  all  the  necessary  machinery  and  apparatus 
directly  used  in  the  refrigerating  cycle  for  determining  the  refrigerating  effect, 
power  consumption,  and  other  primary  data,  indicated  in  the  following  tables. 

It  does  not  include  ice  making  and  other  apparatus  emploj'ed  in  the  utilization 
of  refrigeration.  In  so  far  as  the  fundamental  operations  of  all  the  systems  are  in 
common,  general  rules  will  be  laid  down  and  where  the  systems  differ  separate  rules 
will  be  given.  For  the  test  of  the  driving  element  in  compression  systems,  the 
A.S.M.E.  Power  Test  Codes  for  Steam  Engines,  Steam  Turbines,  Internal-combus- 
tion Engines,  etc.,  should  be  consulted  for  details  not  contained  in  this  Code. 

Object 

2.  In  accordance  with  the  '"Code  on  General  Instructions,"  the  object  of  the 
test  should  be  first  determined  and  recorded.  If  the  object  relates  to  the  fulfilment 
of  a  contract  guarantee,  an  agreement  should  be  made  between  the  interested  parties 
concerning  all  matters  about  which  disputes  may  arise  (see  "Code  on  General 
Instructions,"  Par.  6),  and  a  full  statement  of  the  agreement  entered  in  the  report 
of  the  test. 

Measurements 

3.  The  principal  measurements  and  quantities  determined  in  a  test  are: 

(a)  The  quantity  of  the  refrigerant  circulated; 

(6)  The  various  temperatures  of  the  refrigerant  in  the  cycle; 

(c)  The  various  pressures  of  the  refrigerant  in  the  cycle; 

{d)  The  energy  required  to  operate  the  driving  element  and  the  various 

auxiliary  apparatus; 

(e)  The  various  temperatures  of  condensing  and  cooling  water; 

(/)  The  quanity  of  condensing  and  coohng  water; 

(g)  Quantity,  quality  and  pressure  of  steam  used  in  the  steam  cylinder  or 

generator; 

(/i)  Principal  dimensions  of  driving  element  (see  appropriate  code) ; 

(i)  Quantity  of  composition  and  density  of  brine  used; 

(j)  Temperature  of  brine  entering  and  leaving  the  evaporator; 

(A;)  Quality  of  liquor  used  in  absorption  plants. 

Instruments  and  Apparatus 

4.  The  instruments  and  apparatus  necessary  in  carrying  out  the  test  are: 

(a)  Suitable  meter  for  measuring  liquid  refrigerant  on  the  high-  or  inter- 
mediate-pressure side  where  it  passes  to  the  expansion  coils  of  the 
brine  cooler  or  elsewhere; 

(6)  Platform  scales  and  suitable  tanks  for  measuring  water  and  condensed 
steam ; 

(c)  Water  meters,  calibrated  tanks  or  tank  and  platform  scale  for  measuring, 
condensing  and  cooling  water; 
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(d)  Pressure  gages  and  vacuum  manometers,  including  a  suitable  U  tube  or 

mercury  column  to  be  connected  at  the  low-pressure  suction  of  the 
compressor.  It  is  recommended  that  this  be  used  in  all  cases  rather 
than  a  pressure  or  vacuum  gage  for  suction  pressure  under  20  lb.  gage; 

(e)  Calibrated  thermometers  and  thermometer  mercury  wells  of  sufficient 

lengths  to  extend  beyond  the  centers  of  the  pipes.  Thermometers  used 
for  taking  temperatures  of  brine  shall  be  graduated  in  1/10  deg.  F.  and 
readings  estimated  to  1/100  deg.  F.; 

(/)    Barometer  and  psychrometer; 

(g)    Revolution  counter  or  other  accurate  speed  measuring  device; 

{h)   Graduated  stroke  indicator  for  direct-acting  pumps; 

(i)  Pycnometer,  Mohr-Westphai  balance,  or  calibrated  hydrometer  for 
specific  gravity  of  brine; 

(j)    Calorimeter  for  determining  the  quality  of  the  steam; 

(/c)   Steam  and  ammonia  indicator; 

(1)    Planimeter; 

(m)  Appropriate  instruments  for  measuring  power  consumption  of  motor- 
driven  machines. 

The  direction  for  the  u?e,  calibration  and  accuracy  of  the  instruments  and 
apparatus  enumerated  above  are  given  in  the  various  sections  of  the  "  Code  on  Instru- 
ments and  Apparatus." 

Preparation 

5.  Paragraphs  7  to  11  of  the  "Code  on  General  Instructions"  should  be  read, 
carefully  studied  and  conformed  to  wherever  they  apply.  The  dimensions  and  the 
physical  conditions  of  all  parts  of  the  plant  essential  to  the  object  of  the  test  should 
be  accurately  determined  and  carefully  recorded. 

6.  The  dimensions  of  the  compressor  and  engine  cylinder  and  the  pump  plungers 
or  cylinders  including  the  volume  of  the  clearance  should  be  accurately  measured 
and  recorded  in  accordance  with  Par.  6  of  the  A.S.M.E.  "Test  Code  for  Reciprocating 
Steam  Engines,"  and  Par.  12  of  the  A.S.M.H  "Test  Code  for  Displacement  Com- 
pressors and  Blowers." 

7.  All  measuring  devices  should  be  installed  and  in  the  case  of  the  meters  for 
measuring  water  or  brine  a  means  of  calibrating  by  direct  weighing  or  checking  by 
calibrated  tanks  should  be  provided.  The  meter  for  measuring  the  liquid  refrigerant 
shall  be  calibrated  by  means  of  a  closed  tank  or  receiver  of  known  volume.  This 
volume  should  preferably  be  determined  by  weighing  the  water  which  fills  the  tank 
or  receiver.    In  the  ordinary  plant  a  liquid  receiver  may  be  used  for  this  purpose. 

8.  The  thermometer  wells  should  be  of  steel  for  ammonia  lines,  and  bronze  for 
brine  lines,  and  should  extend  into  the  pipe  a  sufficient  distance  so  that  the  bulb  of 
the  thermometer  will  extend  at  least  to  the  center  of  the  pipe.  When  comparisons 
of  temperatures  are  being  made  it  is  extremely  important  that  the  immersion  in  the 
well  should  be  identical  in  all  cases.  These  wells  should  be  filled  with  mercury  to 
the  point  indicated  on  the  stem  of  the  thermometer.  Insulation  on  the  cold  lines 
should  extend  even  to  the  top  of  the  well,  and  the  thermometers  pass  through  corks 
fitted  to  the  wells  and  bored  to  accommodate  the  thermometers.  The  thermometer 
well  must  be  placed  at  least  10  ft.  away  from  brine  coolers  or  pumps  so  that  the 
solution  has  uniform  temperature  where  the  readings  are  taken.    Electric  resistance 
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thermometers  or  thermocouples  may  be  used  in  taking  temperatures  of  brine  as  a 
check  on  mercury  thermometers. 

9.  In  testing  a  plant  where  the  load  is  light  a  brine  heater  or  a  heater  using 
waste  condensing  water  flowing  over  the  evaporating  coils  should  be  used.  An 
agreement  should  be  reached  as  to  which  of  the  interested  parties  is  to  supply  and 
install  the  brine  heater,  if  necessary,  and  all  other  apparatus  required  for  the  tests. 

10.  For  ammonia  a  special  steel  indicator  must  be  provided  which  has  steel 
indicator  cocks  with  short  separate  connections  to  the  ends.  The  indicator  should 
be  provided  with  a  stop  so  that  a  light  spring  may  be  used  for  studj-ing  suction 
conditions. 

11.  In  ammonia  absorption  sj'stems  the  anhydrous  ammonia  should  not  contain 
over  3  per  cent  moisture.  Samples  should  be  drawn  before  and  immediately  after 
the  test  and  determinations  of  moisture  made. 

Operating  Conditions 

12.  The  operating  conditions  should  conform  to  the  object  of  the  test  and  should 
prevail  throughout  the  trial  as  pointed  out  in  Par.  23  of  the  "Code  on  General 
Instructions."  Uniformity  of  conditions  and  evenness  of  operation  must  prevail 
throughout  the  test.  It  is  required  under  this  Code  that  nothing  but  liquid  shall 
enter  the  expansion  valve  and  nothing  but  vapor  shall  enter  the  refrigerating 
machine.  In  commercial  tests  the  allowable  percentage  of  difference  in  the  heat 
balance  between  the  water  and  the  refrigerant  must  be  stated. 

Starting  and  Stopping 

13.  The  plant  should  be  operated  a  sufficient  length  of  time  prior  to  the  starting 
of  the  test  to  insure  uniformity  of  conditions  and,  when  these  conditions  are  obtained, 
the  test  should  be  started  and  continued  as  stated  in  Par.  14  of  this  Code.  It  is 
essential  to  the  accuracy  of  the  test  that  all  parts  of  the  plant  contain  the  same  amount 
of  heat  estimated  above  some  datum  at  the  end  as  at  the  beginning  of  the  test. 
To  accomplish  this  all  vessels  containing  liquid  refrigerant  should  be  supplied  with 
suitable  gage  glasses  so  that  the  same  quantity  of  fluid  may  be  distributed  alike  at 
the  beginning  and  end  of  the  test  and  the  quantities  and  temperature  of  the  fluids  in 
the  various  parts  maintained  as  uniform  as  possible. 

Duration 

14.  Each  run  shall  be  continued  over  a  period  of  time  not  less  than  I  hours,  t  to 
be  calculated  from  the  following  formula: 

tU'a  =  3W6 

where         «'„  =  approximate  weight  of  anhydrous  refrigerant  circulated  in  pounds 
per  hour,  and 
wb  =  total  weight  of  anhydrous  refrigerant  contained  in  the  S3^stem. 

Records 

15.  The  data  should  be  taken  and  recorded  in  the  manner  prescribed  in  the 
"Code  on  General  Instructions,"  Pars.  24  to  35.  Fifteen  minute  readings  will  be 
sufficient,  except  where  there  is  considerable  fluctuation  in  the  readings,  in  which 
case  more  frequent  readings  must  be  taken  to  insure  good  averages. 
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16.  Each  indicator  card  should  be  marked  with  the  date,  time  of  day,  cyhnder 
and  end  of  cyhnder,  and  identification  mark  and  strength  of  indicator  spring,  as 
pointed  out  in  the  "Test  Code  for  Reciprocating  Steam  Engines,"  Par.  20.  To  assist 
in  the  uniformity  of  operation  a  chart  should  be  plotted  during  the  test  of  the 
principal  quantities,  including  the  estimated  tonnage,  as  pointed  out  in  Par.  39  of 
the  "General  Instructions." 

17.  The  data  and  results  should  be  tabulated  in  accordance  with  the  form  shown 
in  the  following  tables,  adding  items  not  provided  for  and  omitting  items  not  needed 
to  conform  to  the  object  in  view.  Unless  otherwise  indicated  the  items  refer  to  the 
numerical  readings  which  are  recorded  in  the  log. 

Calculation  of  Results 

18.  Standard  Ton  of  Refrigeration. — The  now  generally  adopted  recommendations 
of  the  Joint  Committee  of  The  American  Society  of  Mechanical  Engineers  and 
American  Society  of  Refrigerating  Engineers  on  Standard  Tonnage  Basis  for  Refriger- 
ation are  as  follows: 

(1)  A  standard  ton  of  refrigeration  is  288,000  B.t.u. 

(2)  The  standard  commercial  ton  of  refrigeration  is  at  the  rate  of  200  B.t.u. 

per  minute. 

(3)  The  standard  rating  of  a  refrigerating  machine,  '  using  liquefiable  vapor, 

is  the  number  of  standard  commercial  tons  of  refrigeration  it  performs 
under  adopted  refrigerant  pressures. ' 

'  Note  1.  A  refrigerating  machine  is  the  compressor  cylinder  of  the  compression 
refrigerating  system,  or  the  absorber,  liquor  pump,  and  generator  of  the  absorption 
refrigerating  system. 

Note  2.  Nothing  but  liquid  shall  enter  the  expansion  valve,  and  nothing  but  vapor 
shall  enter  the  refrigerating  machine. 

Note  3.  There  shall  be  9  deg.  F.  (5  deg.  C.)  sub-cooling  of  the  liquid  entering  the 
expansion  valve  and  9  deg.  F.  (5  deg.  C.)  superheating  of  the  vapor  entering  the 
refrigerating  machine,  the  points  at  which  the  sub-cooling  and  the  superheating 
are  determined  to  be  within  10  ft.  of  the  expansion  valve  and  refrigerating  machine, 
respectively. 

*  Note  4.  The  inlet  pressure  is  that  which  corresponds  to  a  saturation  temper- 
ature of  5  deg.  F.  (  —  15  deg.  C). 

Note  5.  The  outlet  pressure  is  that  which  corresponds  to  a  saturation  temper- 
ature of  86  deg.  F.  (30  deg.  C). 

Note  6.  These  pressures  are  measured  outside  and  within  10  ft.  of  the  refriger- 
ating machine,  distances  which  are  measured  along  the  inlet  and  outlet  pipes, 
respectively. 

19.  The  refrigerating  output  of  the  system  shall  be  expressed  in  standard  com- 
mercial tons  of  refrigeration  as  calculated  from  the  weight  of  liquid  refrigerant  and 
the  amount  of  available  cooling  effect  produced  in  the  evaporator.  This  method  shall 
be  employed  in  the  case  of  all  refrigerants  where  the  physical  properties  have  been 
determined  and  where  tables  of  such  properties  are  recognized  as  sufficiently 
accurate.  The  tables  of  thermodynamic  properties  employed  shall  be  those  adopted 
and  published  by  The  American  Society  of  Refrigerating  Engineers. 

20.  The  weight  of  refrigerant  circulated  shall  be  determined  by  a  suitable  liquid 
meter  as  prescribed  in  the  A.S.M.E.  Code  on  Instruments  and  Apparatus.     As  an 
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alternate  method  the  weight  of  hquid  refrigerant  inaj-  be  calculated  from  the  volume 
as  obtained  from  a  pair  of  calibrated  receivers  or  by  direct  weighing. 

21.  The  amount  of  available  refrigerating  effect  shall  be  the  weight  of  refrigerant 
circulated  per  hour  multiplied  by  the  difference  in  heat  content  on  entering  and 
leaving  the  evaporator.  Where  there  is  more  than  one  evaporator  in  which  different 
pressures  exist,  the  weight  of  refrigerant  to  each  evaporator  and  the  total  heat 
from  the  vapor  must  be  determined  separately  and  the  total  refrigerating  effect 
may  then  be  computed  by  the  following  formula: 

Qe   =  Wa(hi   —  >u) 

where  Qe  =  total  refrigerating  effect  per  hour; 

Wa  —  weight  of  anhydrous  refrigerant  circulated  in  pounds  per  hour; 
/.'i  =  total  heat  of  the  vapor  leaving  the  evaporator; 
fu  =  total  heat  of  the  liquid  at  the  expansion  valve. 

22.  The  refrigeration  effect  expressed  in  standard  commercial  tons  of  refrigera- 
tion is 

E.E.  =  -5^ 
12,000 

23.  Indicated  Horse  Power. — The  indicated  hor.se  power  for  each  end  of  the 
cylinder  is  found  by  using  the  formula: 

PmLAN 


i.hp.  = 


33,000  ' 


where         Pm  =  mean  effective  pressure  in  pounds  per  square  inch; 
L  =  length  of  the  stroke  in  feet; 
A  =  area  in  square  inches  of  the  piston  less  the  area  of  the  piston  rod, 

if  any; 
N  =  number  of  revolutions  per  minute. 

The  total  horse  power  of  the  cylinder  is  the  sum  of  the  horse  power  developed  in 
the  two  ends. 

24.  Mean  Effective  Pressure. — The  mean  effective  pressure  should  be  found  by 
dividing  the  area  of  the  indicator  diagram  in  square  inches  as  determined  with  a 
planimeter  by  the  length  of  the  diagram  in  inches,  and  multiplying  the  quotient  by 
the  scale  of  the  indicator  spring.  If  a  planimeter  is  not  available,  the  approximate 
mean  effective  pressure  may  be  determined  by  finding  the  average  height  of  the  dia- 
gram in  inches  as  obtained  by  averaging  a  suitable  number  of  equally  spaced 
ordinates,  at  least  twenty,  measured  between  the  lines  of  the  forward  and  return 
strokes,  and  then  multiplying  this  average  by  the  scale  of  the  spring.  The  length 
of  the  indicator  diagram  is  the  measured  distance  along  the  atmospheric-pressure 
line  between  ordinates  erected  perpendicular  to  it  and  pa.ssing  through  the  ends  of 
the  indicator  diagram. 

25.  Theoretical  Horse  Power. — The  theoretical  horse  power  required  to  compass 
adiabatically  the  quantity  of  vapor  shall  be  found  in  the  case  of  ammonia  or  fluids 
having  standard  tables  or  charts,  by  referring  to  the  Mollier  Chart  or  the  tables 
adopted  by  The  American  Society  of  Refrigerating  Engineers. 

_  (hi  -  hi)  XWgX  778 
^  ~  33,000  X  60 
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where 

hi  =  heat  content  of  vapor  at  compressor  inlet; 

hi  =  heat  content  of  vapor  after  adiabatic  compression; 

Wa  =  weight  of  fluid  circulated,  pounds  per  hour. 

26.  In  the  case  of  fluids  not  having  published  charts  or  tables,  the  following 
method  may  be  used  to  calculate  the  theoretical  horse  power  required  to  compress 
the  vapor  adiabatically  at  the  average  rate  for  a  single  stage  or  for  any  stage  of 
mutiple-stage  compressors : 

luk         r  /p.; 

hp  =  ; p\Vi 

^       33,000 (fc  -  Ij 


-  1 


where  vi  =  volume  compressed,  cubic  feet  per  minute; 

pi  =  absolute  intake  pressure,  pounds  per  square  inch; 
P2  =  absolute  discharge  pressure,  pounds  per  square  inch; 
k  =  the  exponent  in  pv    =  constant. 

27.  Gross  Horse  Power. — The  gross  horse  power  is  the  indicated  horse  power  in 
the  steam  of  power  cylinders  in  the  case  of  a  steam  or  internal  combustion  engine- 
drive  compressor;  the  electrical  horse  power  multiplied  by  the  motor  efficiency  in 
the  case  of  a  direct  connected  motor-driven  compressor;  and  the  brake  horse  power 
delivered  to  the  compressor  shaft  in  the  case  of  a  belt-driven  or  gear-driven  com- 
pressor. If  motor  efficiency  determined  under  the  A.I.E.E.  rules  is  used,  the  value 
obtained  wiU  be  a  conventional  one,  and  will  always  be  higher  than  the  actual 
efficiency  of  the  motor.  An  agreement  must  therefore  be  made  by  those  interested 
in  the  test  as  to  the  tolerance  to  be  applied  to  the  "conventional  efficiency"  to 
convert  the  figure  into  actual  efficiency. 

28.  Electrical  Horse  Power. — The  electrical  horse  power  of  a  motor  is  found  by 
dividing  the  input  at  the  terminals  expressed  in  kilowatts  by  the  constant  0.746. 
In  the  case  of  an  alternating-current  motor,  the  input  determined,  whether  expressed 
in  electrical  horse  power  or  kilowatts,  should  be  the  total  input.  When  the  power 
for  excitation  is  taken  directly  from  the  compressor  shaft,  the  total  input  is  that 
indicated  at  the  a.c.  motor  terminals.  When  the  power  for  excitation  is  furnished 
from  an  independent  source  the  total  electrical  horse  power  used  in  calculating  the 
gross  horse  power  (Par.  27)  is  that  indicated  as  the  motor  terminals  plus  an  equivalent 
power  required  to  run  the  exciter. 

29.  Volumetric  Efficiericy. — The  volumetric  efficiency  is  the  ratio  of  the  capacity 
of  the  compressor  to  displacement.  The  capacity  is  the  actual  amount  of  vapor 
compressed  and  delivered,  expressed  in  cubic  feet  per  minute  at  intake  temperature 
and  pressure. 

30.  Mechanical  Efficiency  of  the  Compressor. — The  mechanical  efficiency  is  the 
ratio  of  the  indicated  horse  power  of  the  compressor  cylinder  to  the  indicated  horse 
power  in  the  power  cylinders  in  the  case  of  a  steam-driven  or  internal  combustion 
engine-driven  compressor,  and  to  the  brake  horse  power  delivered  to  the  shaft  in 
the  case  of  a  power-driven  machine.. 

31.  Compressor  Efficiency. — The  compression  efficiency  in  a  single-stage  com- 
pressor is  the  ratio  of  the  horse  power  required  to  compress  adiabatically  all  the 
vapor  delivered  by  the  compressor  to  the  horse  power  developed  in  the  compressor 
cylinder,  as  shown  by  the  indicator  cards.    The  compression  efficiency  for  any  par- 
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ticular  cylinder  of  a  multi-stage  compressor  is  the  ratio  of  the  horse  power  required 
to  compress  adiabatically  all  of  the  vapor  delivered  by  the  compressor  through  the 
observed  pressure  range  for  the  particular  cylinder  in  question  to  the  horse  power 
developed  in  the  particular  cylinder  in  question  as  shown  by  the  indicator  cards. 
The  two  factors  involved  in  this  ratio  are  defined  in  Pars.  23  and  25,  respectively. 

32.  Condenser  Performance. — The  total  heat  removed  by  the  condensing  water 
shall  be  calculated  from  the  observed  data  when  the  enclosed  type  of  condensers, 
either  shell  and  tube  or  double  pipe,  are  used.  The  total  heat  may  also  be  calcu- 
lated from  the  quantity  of  refrigerant  circulated.     In  this  case 

Qe    =    Ifaihz   —  hi), 

where         Qe  =  heat  removed  per  hour; 

hi  =  heat  content  of  vapor  entering  condenser; 
hi  =  heat  content  of  fluid  leaving  condenser; 
w'a  =  weight  of  refrigerant  condensed  per  hour. 

33.  Determination  of  Heat  Transfer  in  Condensers. — The  logarithmic  mean 
difference  is  based  upon  a  constant  temperature  of  liquefaction  throughout  the 
condenser  on  the  assumption  that  the  heat  transfer  is  uniform  throughout  the 
condenser.  While  the  calculation  of  heat  transfer  per  square  foot  of  refrigerant 
surface  per  hour  per  degree  of  logarithmic  mean  difference  does  not  give  entirely 
satisfactory  results,  the  determination  of  heat  transfer  shall  be  calculated  in  this 
manner. 

Log.  mean  difference  =  - — , 

,  te   -  fi 

where  te  =  temperature  of  liquefaction  corresponding  to  condenser  pressure; 

.     /i  =  temperature  incoming  water; 
t2  =  temperature  outgoing  water. 

If  a  complete  condenser  test  is  to  be  made  the  A.8.M.E.  Test  Code  for  Con- 
densing Apparatus  and  the  Code  on  Instruments  and  Apparatus  should  be  carefully 
studied. 

34.  Evaporator  Performance. — The  evaporator  performance  shall  be  calculated 
from  the  observed  data.     In  this  case 

Qe   =   lOaihi   —  hi), 

where         Qe  =  heat  removed  per  hour; 

^6  =  heat  content  of  vapor,  leaving  evaporator; 

he  =  heat  content  of  liquid  entering  expansion  valve; 

We  =  weight  of  refrigerant  entering  evaporator  in  pounds  per  hour. 

35.  Determination  of  Heat  Transfer  in  Evaporator,  (a)  Brine  Coolers. — Brine 
cooler  performance  shall  be  expressed  in  terms  of  heat  transfer  per  square  foot  of 
cooling  surface  per  hour  per  degree  of  logarithmic  mean  difference. 

Log.  mean  difference  = 


loge  — 
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where  ts  =  temperature  of  brine  out  of  evaporator; 

ti  =  temperature  of  brine  to  evaporator; 
tf,  =  temperature  of  vaporization  corresponding  to  evaporator  pressure. 

(b)  The  performance  of  ice  tanks  and  all  other  forms  of  expansion  coils  or 
apparatus  will  not  be  specifically  covered  in  this  Code,  which  is  intended  to  include 
the  main  items  of  the  refrigerating  cycle  rather  than  the  products  of  the  cycle. 

36.  Water  Horse  Power. — The  water  horse  power  output  at  observed  total  suction 
and  discharge  pressure  is 

(lb.  of  liquid  per  minute)  X  (total  head  in  ft.) 

^•^p-  = ^^;^oo • 

The  gross  or  brake  horse  power  input  shall  be  observed  for  all  pump-driving 
elements  and  the  efficiencies  calculated. 

37.  Heat  Balance. — The  general  formulas  for  heat  balance  are  as  follows: 

Compression  Cycle:    Qe  +  Qw  =  Qi  +  Qs', 

Absorption  Cycle:    Qe  +  Qs  =  ^.^i  +  Q2  +  Qi, 

where         Qe  =  heat  absorbed  by  evaporating  refrigerant; 
Qw  =  heat  equivalent  of  work  in  compressor; 
Qs  —  heat  imparted  by  steam  in  generator; 
Qi  =  heat  rejected  in  condenser; 
Qi  =  heat  rejected  in  absorber; 
Qs  =  heat  rejected  or  radiated  in  addition  to  Qi  and  Q2. 

38.  For  purposes  of  illustration  the  following  list  of  quantities  involved  in  the 
computation  of  the  heat  balances  of  compound  compression  .systems  is  given: 

Heat  Absorbed  (B.t.u.  per  hour) 

(o)  Heat  absorbed  in  evaporator; 

(b)  Heat  entering  evaporator  insulation; 

(c)  Heat  absorbed  in  low-pressure  suction  main; 
{d)  Heat  absorbed  in  low-pressure  suction  trap; 
(e)  Heat  equivalent  of  work  done  in  compressor; 

(/)    Heat  absorbed  from  engine  room  through  cold  surface  of  low-pressure 

compressor; 
ig)    Heat  absorbed  through  surface  of  intermediate  liquid  receiver; 
(h)   Heat  absorbed  through  surface  of  intermediate-pressure  liquid  line; 
(i)    Heat  absorbed  from  engine  room  through  surface  of  high-pressure  suction 

main; 
(j)    Heat  absorbed  through  cold  surfaces  of  high-pressure  compressor; 
(k)    Heat  absorbed  or  rejected  through  condenser  shells. 
(I)    Heat  absorbed  or  rejected  through  receivers, 
(m)  Heat  ab.sorbed  or  rejected  in  high-pressure  liquid  line. 
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Heat  Rejected  (B.t.u.  per  hour) 

(n)  Heat  rejected  bj'  hot  surface  of  low-pi'cssure  coniprcsssor; 

(o)    Heat  rejected  from  low-pressure  discharge  main  between  low-pressure 

compressor  and  intermediate  vapor  cooler; 
(p)   Heat  rejected  in  intermediate  vapor  cooler; 
(q)    Heat  rejected  to  engine  room  by  intermediate  vapor  cooler; 
(r)    Heat  rejected  in  discharge  main  from  intermediate  vapor  cooler  to  int( :  - 

mediate  liquid  receiver; 
(s)    Heat  rejected  by  hot  surfaces  of  high-pressure  compressor; 
(0     Heat  rejected  by  high-pressure  discharge  main  and  oil  separator  between 
machine  and  condensers; 

(w)   Heat  rejected  in  ammonia  condensers; 

(v)    Heat  rejected  in  liquid  cooler; 

(k)    Heat  rejected  or  absorbed  through  condenser  shells; 

(Z)     Heat  rejected  or  absorbed  through  receivers; 

(rn)  Heat  rejected  or  al^sorbed  in  high-pressure  liciuid  line. 

Before  concluding  tests,  and  making  a  final  report,  it  is  recommended  that 
Par.  20  of  the  "Code  on  General  Instructions"  should  be  carefully  read.  The 
data  and  results  should  be  reported  in  accoixlance  with  the  forms  prescribed  by  the 
committee. 


CHAPTER  XII 
PIPING 

A  large  amount  of  the  equipment  in  the  compression,  and  very  nearly- 
all  of  it  in  the  absorption,  refrigerating  plant  is  piping.  In  some  special 
cases,  as,  for  example,  the  plant  using  the  shell  and  tube  condenser, 
the  shell  and  tube  brine  cooler  and,  in  the  extreme  case,  a  brine  spray 
system  of  cooHng  air,  the  amount  of  piping  would  be  comparatively  small. 
In  most  cases,  however,  both  the  suction  and  lines  should  be  calculated 
carefully,  as  well  as  the  condenser  headers  and  liquid  drains  and  the 
piping  on  the  low  pressure  side,  or  the  brine  piping  if  brine  is  used. 
Like  all  other  branches  of  engineering,  the  piping  must  be  efficient  as 
regards  operation  and  overhead  costs,  it  must  be  arranged  for  draining, 
cleaning,  pumping  out  and  repairs,  and  it  must  be  safe  and  self-con- 
tained.   These  considerations  will  be  taken  up  in  the  following  chapter. 

Kind  of  Pipe. — Full  weight  steel  pipe  is  quite  generally  used  for 
ammonia  at  the  present  time,  even  for  condensers  and  ice  tanks,  whereas 
carbon  dioxide  refrigeration  uses  extra  heavy  steel  pipe,  because  of  the 
much  heavier  unit  pressures.  Wrought-iron  pipe  is  not  so  commonly 
used  as  it  was  some  years  ago,  because  it  has  been  found  that  steel 
pipe  can  be  depended  on  much  better  than  formerly,  both  as  regards 
the  welded  joint  and  the  thickness  of  the  walls.  It  is  usual  to  specify 
butt-welded  pipe  for  sizes  2  in.  and  smaller,  but  lap-welded  pipe  (drawn 
down  from  a  larger  size)  for  normal  diameters  larger  than  2  in. 

Piping  at  the  Compressor.^The  headers  and  connections  at  the 
compressors  are  usually  irregular  in  design  and  therefore  are  frequently 
welded,  although  the  cast  iron  or  cast  semi-steel  bends  are  used  when- 
ever the  cost  of  the  casting  is  less  than  the  welded  header.  Considerable 
care  should  be  taken  with  the  piping  to  eliminate  changes  in  the  direc- 
tion of  the  gas  flow  as  far  as  possible,  since  it  has  been  determined  that 
irregular  flow  through  the  cylinder  ports  (with  sharp  changes  of  direc- 
tion of  flow)  and  the  suction  and  discharge  bends  is  much  more  hkely 
to  cause  loss  of  pressure  of  the  gas  than  is  the  high  velocity  of  the  gas 
flowing  through  the  valves  due  to  small  cross-sectional  area.  The  dis- 
charge port  areas  sometimes  are  designed  for  10,000  ft.  per  min.  gas 
velocity,  but  if  this  is  so  the  ports  should  be  straight  and  when  changes 
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of  direction  are  necessary  they  should  be  accomphshed  by  means  of  long 
radius  bends. 

Size  of  the  Discharge  Pipe. — Refrigerating  engineers  have  not  paid 
much  attention  to  the  discharge  ports,  passages,  and  the  diameter  of  the 
piping,  but  if  the  compressor  horse  power  is  to  be  reduced  to  a  minimum 
value  the  subject  of  the  pressure  drop  from  the  cylinder  to  the  condenser 
must  be  gone  into  carefully.  It  has  been  the  custom  to  calculate  the 
average  gas  velocity  in  the  discharge  from  the  expression: 

,     .  piston  area  X  stroke  X  2  X  r.p.m. 

Average  gas  velocity  = : — : 

cross-sectional  area  oi  the  pipe 

=  6000  to  7000  ft.  per  min., 

if  the  compressor  is  double-acting  or  if  it  is  a  twin  cylinder,  single-acting 
machine.  This  calculated  value  is  really  only  an  average  gas  velocity, 
whereas  the  actual  velocity  is  a  maximum  near  mid-stroke  and  is  equal 
to  zero  at  the  dead  centers.  The  result  of  the  intermittent  discharge  is 
that  the  gas  pressure  is  built  up  in  the  discharge  line  and  to  a  lesser 
extent  in  the  condenser  as  these  volumes  act  in  a  manner  similar  to  the 
air  chamber  on  the  discharge  line  of  pumps  and  compressors.  The 
excess  pressure,  over  and  above  that  of  the  condenser  pressure,  shown 
on  many  indicator  diagrams,  is  due  to  the  friction  to  flow  and  the 
momentary  discharge  into  a  chamber  of  constant  volume. 

Size  of  the  Suction  Line. — The  size  of  the  suction  pipe  line  is  very 
much  more  important  than  that  of  the  discharge  line.  If  undue  losses 
of  pressure  occur  in  the  discharge  line  the  effect  will  be  a  decreased 
volumetric  efficiency  of  the  compressor  as  well  as  an  increased  work  of 
compression.  However,  wire-drawing  in  the  suction  line  drops  the 
capacity  of  the  compressor  rapidly  (Fig.  29),  increases  the  horse  power 
per  ton  of  refrigeration  and  decreases  the  volumetric  efficiency.  The 
results  are  that,  if  necessary,  the  discharge  line  may  be  designed  for 
high  average  gas  velocities,  but  it  does  not  pay  to  permit  velocities 
greater  than  5000  ft.  per  min.  in  the  suction,  and  long  Hues  may  be  as  low 
as  2000  ft.  per  min.,  with  an  average  of  3000  ft.  An  idea  can  be  secured 
of  the  loss  of  pressure  from  Fig.  227  and  the  following  problem : 

Problem. — A  2-in.  pipe  line  for  a  suction  pressure  of  20  lb.  gage  is  300  ft.  long. 
Find  the  pressure  drop  if  the  gas  velocity  is  5000  ft.  per  min.  Referring  to  the 
figure  it  will  be  seen  that  the  drop  per  100  ft.  is  1.85  lb.,  and  the  total  drop  will  be 
3  X  1.85  or  5.55  lb. 

Condenser  Piping. — The  details  of  condenser  piping  depend  on  the 
kind  of  condenser,  some  of  which  are  shown  in  Figs.  228  to  230.    When 
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just  one  stand,  or  its  equivalent,  is  used  the  piping  is  the  simplest,  but 
otherwise  the  discharge  gas  from  the  compressor  enters  a  distributing 
header  and  the  condensate  flows  through  a  collecting  header  to  the  licjuid 


irx4"Nip.     1    ,  ,11       , 
^  \2  o'  1  couplir 


Fig.  230. — Condenser  Piping — The  Double  Pipe  Condenser. 

receiver.  Some  manufacturers  have  a  single  stop  valve  on  each  header, 
as  shown  in  Fig.  228,  while  others  have  stop  valves  on  each  stand  to 
facihtate  repairs  on  the  condenser,   as  suggested  in  Fig.  230.      The 

To  compressor 


Arrangement  No  1. 


Arrangement  No  2. 


«=^ 


Coils^    L.C.- Liquid  cooler 
C.  V.-Checl<  valve 
X  -  Expansion 
S  -  Suction  to  math. 
L  -Liquid  ammonia 

Arrangement  No  3 


Arrangement  No  4. 


Coils  Coils- 

FiQ.  231. — Four  Piping  Arrangements  for  the  Flooded  System. 

condenser  should  be  provided  with  connections  for  equahzing  the 
pressure,  with  a  purge  valve,  and  especially  in  the  large  condensers,  with 
a  pump-out  connection  to  the  main  compressor  or  to  a  special  pump-out 


THE  LIQUID  LINE 


359 


compressor.    The  water  siippl}^  connections  are  indicated  in  the  figures 
also. 

The  Liquid  Line. — The  advisabiHty  of  having  a  low  temperature 
liquid  refrigerant  is  shown  elsewhere.  Some  plants  are  equipped  with 
special  liquid  coolers,  usually  a  double  pipe  arrangement  for  counter- 
flow  and  with  the  coldest  Avater  in  the  plant,  but  this  is  not  common. 
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Fig.  232.^Piping  and  Headers  for  Can  Ice  Manufacture. 


Neither  is  it  common  practice  to  insulate  the  liquid  line,  though  this 
line  is  sometimes  long  and  frequently  placed  in  hot  pipe  shafts.  There 
is  no  question  but  that  insulation  is  advisable  in  many  cases. 

The  size  of  the  liquid  pipe  also  depends  on  the  length  of  the  run. 
As  a  rule  the  velocity  of  flow  of  3  to  6  ft.  per  sec.  should  be  used.  Short, 
self-contained  plants  can  increase  this  value,  and  long  lines,  especially 
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where  considerable  vertical  rise  is  required,  should  be  designed  using  a 
minimum  value.  Too  large  a  vertical  rise  should  not  be  attempted, 
though  on  account  of  the  lesser  density  of  the  liquid  ammonia  it  will 
rise  50  per  cent  higher  than  will  water  with  the  same  pressure.  The  loss 
of  pressure  at  the  expansion  valve  will  be  occasioned  by  pipe  friction, 
velocity  head  and  vertical  lift. 

The  Low  Pressure  Side. — Brine  cooling. — Whenever  brine  is  cooled 
by  the  use  of  the  shell  and  tube  brine  cooler  for  indirect  refrigeration, 
the  simplest  pipe  arrangement  for  the  ammonia  is  provided  (see  Chapter 
VIII).    It  is  self-contained  and  there  is  little  danger  of  liquid  return  in 
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Fig.  233. — The  Accumulator  and  Brine  Tank  Piping. 


the  suction  pipe  line  to  the  compressor.  In  can  ice  making  it  is  some- 
what more  complicated  because  of  the  use  of  the  flooded  system  when 
direct  expansion  piping  is  used  for  the  cooHng  of  brine.  Several  piping 
arrangements  for  the  flooded  system  are  shown  in  Fig.  231.  The 
flooded  system  embodies  a  device  for  precooling  the  liquid  before  it 
enters  the  expansion  coils,  and  an  accumulator  to  prevent  Uquid  return- 
ing to  the  compressor  thereby  acting  somewhat  like  the  steam  separator 
in  steam  engineering. 

The  brine  itself  is  cooled  by  expansion  piping,  as  shown  by  Fig.  232. 
In  this  case  what  is  desired  is  a  uniform  temperature  of  the  brine  with 
a  minimum  obstruction  to  the  cans.    Because  of  the  difficulty  of  getting 
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at  the  piping  during  operation  it  is  well  to  use  a  welded  pipe  wherever 
practicable.  Limits  to  welding  lie  in  the  ability  to  handle  the  coils  unless 
the  piping  can  be  welded  in  place  on  the  job.  In  can  ice  making  plants 
using  shell  and  tube  brine  coolers,  the  piping  would  be  the  same  as  in 
the  indirect  brine  system. 

Cold  Storage  Piping. — In  cold  storage  piping  the  important  factors 
are  to  secure  the  proper  amount  of  piping  with  the  least  obstruction  to 
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Fig.  234.— Piping— The  Sharp  Freezer. 


the  storage  of  commodities  and  the  least  danger  due  to  the  melting  of 
the  frostation.  Typical  examples  are  shown  in  Figs.  234,  235  and  236 
for  small  rooms  and  in  Figs.  237  to  239  for  larger  rooms.  It  will  be  noticed 
that  the  larger  rooms  use  overhead  coils  entirely.  If  the  piping  is  not 
very  heavy  (in  surface)  it  is  usually  arranged  to  be  over  aisles,  but  in 
any  case  galvanized  iron  drip  pans  should  be  placed  under  the  coils 
with  a  suitable  lead-off  pipe  to  take  the  drips  from  the  pipes  should  the 
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frostation  melt  off.     How  much  pipe  in  series  is  an  important  matter 
to  decide.   The  deciding  factor  is  the  abiUty  of  the  gas  to  free  itself  and 
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Fig.  237. — Piping — Brine  Details. 
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On  the  other  hand,  the  pipe  Kne  must  not  be  too  short.  The  hquid  fed 
into  the  pipe  hne  must  have  an  opportunity  to  boil  out  before  it  has  to 
leave  the  evaporating  coils.  If  it  is  not  all  evaporated  some  liquid  will 
return  to  the  compressor,  an  action  that  always  causes  operating 
trouble.  With  brine  hnes  the  case  is  different,  as  the  brine  is  not  subject 
to  the  bad  effects  from  gas  formation  in  the  pipe.  The  length  of  pipe 
in  series  for  brine  varies  with  the  operating  conditions  from  100  to  400  ft. 
The  use  of  "  top  feed  "  and  "  bottom  feed  "  for  ammonia  has  been  a 
disputed  point  for  years.   At  present  it  is  conceded  by  most  engineers,  if 


u  0U..11UII  w     8"Suction  lo  300  Ion 
Yofrmachi'ne        0.  L.  V.  machine 


^?S>^Pfesent  freezing 
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Fig.  239. — Piping — Ammonia  Mains. 


a  suitable  protection  against  hquid  returning  to  the  compressor  is 
installed,  that  bottom  feed  gives  better  heat  transfer  and  is  the  better 
method  of  operation.  The  arrangement  of  the  piping  should  be  such  as 
would  permit  control  of  the  temperature  by  increasing  or  decreasing 
the  amount  of  piping  to  suit.  This  can  be  done  by  the  arrangement  of 
the  coils  so  that  more  or  less  can  be  turned  into  action  and  enough  must 
be  supplied  to  carry  the  full  load. 

The  pipes  are  supported  in  a  number  of  ways.  For  cold  storage  work 
the  usual  manner  is  to  suspend  them  from  the  ceiling.    In  the  case  of 
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pipe  decks,  suitable  stands  from  the  decks  can  be  used,  and  in  some 
special  cases  the  piping  may  be  supported  from  the  walls  and  from  the 
floor.    Examples  of  piping  supports  are  given  in  the  figures. 

Hot  gas  line  from  discharge 


Liquid  NH, 


Fig.  240. — Piping — Ice  Cream  Hardening. 

The  ice  cream  hardening  room  is  a  problem  by  itself.  As  usually 
designed  it  is  very  heavily  piped  (Fig.  240  and  Chapter  XIV),  and  the 
piping  is  arranged  so  as  to  make  shelves  on  which  the  ice  cream  is  placed 
in  bricks,  fancy  shapes  and  in  bulk.    It  is  very  nearly  always  a  direct 

*  Hot  gas 

from  compressor 


Fig.  241. — Piping — Defrosting  Large  Installations. 


expansion  job  with  the  expansion  valve  arranged  for  bottom  feed  of  the 
hquid.  The  sharp  freezer  is  a  term  used  for  a  low  temperature  room. 
It  also  is  very  heavily  piped,  ^  and  may  or  may  not  have  the  piping 
arranged  in  the  form  of  shelves.  A  fish  freezer  is  likely  to  have  shelves 
so  that  the  fish  may  be  placed  in  pans  on  the  piping. 

Defrosting. — Defrosting  of  the  evaporating  coils  can  be  accom- 
plished in  a  number  of  ways.    The  frost  may  be  scraped  off  from  time 

1  See  Chapter  XIV  for  the  usual  values  for  the  amount  of  piping  to  be  used. 
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Fig.  243.— Piping— The  Non-Freeze  Back. 


Fig.  1,  Single  coil 


-'   Fig.  2,  Coils  in  series 


'  Fig.   3,   Coils  in   series 
with  one  coil  by-passed 


Fig.  244. — Piping  Connections  to  Direct  E.xpansion  Coils. 
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to  time,  and  occasionally  brine  may  be  arranged  to  trickle  over  the 
pipes.  By  reversing  the  connections  on  the  compressor,  hot  gas  can  be 
pumped  into  the  low  pressure  coils  (Fig.  234)  or  a  separate  defrosting, 
and  pump-out  line  can  be  installed. 

Piping  for  defrosting  is  shown  in  Figs.  240,  241  and  243.  These  are 
arrangements  for  permitting  hot  gas  from  the  compressor  to  enter  the 
frosted  piping. 

Non-freeze  Back. — A  control  to  prevent  automatically  the  return 

4  Liquid  feed  info  fop  pipe  of  coil 
-Suction  out  of  bottom  pipe  of  coil 


Automatic  expansion  valve 


I7  Discharge 


7  Charging  valve     ^ 

Connect  to  pressure 
governor  on  control 
panel 
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testing'gauges 
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Fig.  246. — Piping — The  Automatic  Direct  Expansion  System. 

of  liquid  to  the  compressor  can  be  accomplished  b}^  a  control  of  the 
temperature  in  the  suction  i-eturn  line.  This  is  done  b}'  the  device 
shown  in  Fig.  236,  or  the  same  result  can  be  obtained  by  means  of  an 
automatic  control,  by  winding  the  bulb  of  the  thermostat  around  the 
suction  pipe  and  by  setting  the  contacts  for  the  temperature  required  in 
conjunction  with  a  device  for  controlling  the  liquid  feed. 
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The  Radiator  Section. — The  radiator  section,  made  of  a  thin  walled 
cast  iron  or  semi-steel,  can  be  manufactured  to  hold  ammonia,  and  it 
has  become  popular  in  certain  sections  of  the  United  States  for  certain 
kinds  of  refrigeration.  For  ammonia  the  section  is  made  with  the 
tongue-and-groove  flanged  joint,  and  can  be  erected  in  the  usual  manner 
(as  for  heating  installations)  with  the  columns  vertical,  or,  for  shelving 
in  ice  cream  hardening  rooms,  with  the  columns  horizontal.  Tests  ^ 
indicate  that  a  section  of  this  nature  will  withstand  a  heavy  hydraulic 
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Fig.  247. — Conventional  Piping  Symbols. 

pressure  and  will  carry  a  heavy  load  on  a  long  span  without  leaks  or 
without  showing  signs  of  failure.  The  advantages  of  cast  sections  are  in 
the  ease  of  erection,  the  probable  better  heat  transfer^  and  the  greater 
ease  with  which  the  section  frees  itself  of  gas  as  compared  with  common 
piping.  The  application  of  cast  iron  or  semi-steel  sections  to  ammonia 
refrigeration  is  similar  to  the  arrangement  used  in  steam  heating. 

2  The  Flexibility  of  Cast  Iron  Sections  for  Ammonia,  H.  J.  Macintire,  Journal  of 
the  American  Society  of  Refrigerating  Engineers,  1922. 

3  Heat  Transfer  in  Cast  Iron  Sections,  H.  J.  Macintire,  Refrigerating  Engineering, 
Dec,  1924. 
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Figures  245  and  246  show  typical  piping  for  automatic  operation  of 
brine  and  ammonia  systems.  Table  85  gives  the  dimensions  and  cross- 
sectional  areas  of  full  weight  and  extra  heavy  wrought  iron  and  steel 
pipe,  and  Table  86  gives  the  general  dimensions  of  standard  malleable 
iron  screw  fittings.  Figures  247  gives  typical  conventional  symbols 
for  piping. 

TABLE  86 

Standard  Malleable  Iron-screwed  Fittings 
General  Dimensions 
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CHAPTER  XIII 
ICE   MAKING 

Natural  Ice. — Natural  ice  is  less  used  every  year.  Where  a  few  years 
ago  it  was  the  chief  refrigerating  agent  it  has  now  become  almost 
negligible,  as  can  be  seen  from  the  table  (Table  87)  which  gives  the 
amount  of  natural  ice  cut  and  stored  for  the  last  twenty  years.  The 
reasons  for  this  falling  off  in  the  cutting  of  natural  ice  are  several.  The 
first  and  most  important  reason,  perhaps,  is  its  unrehability.  Ice  is  a 
necessity,  and  at  times  the  natural  ice  crop  fails  because  of  an  open 
winter.  Under  these  circumstances  the  hold-over  from  the  previous 
winter  hardly  supplies  the  demand.  Besides  this,  the  cost  of  transporta- 
tion is  now  much  greater  than  heretofore  and  ice  is  a  bulky  commodity. 
Thus,  although  the  railroads  still  transport  a  heavy  tonnage,  the  average 
distance  is  not  great.  A  lesser  reason,  but  of  some  force  even  then,  for 
the  decline  in  the  use  of  natural  ice,  is  the  fear  of  a  contaminated  source 
for  the  ice.  This  is,  however,  not  a  matter  of  serious  concern  as  it  has 
been  well  determined  that  freezing  frees  the  ice  of  impurities,  and  when 
it  is  not  used  for  several  months  the  bacteria  are  mostly  killed  before  the 
ice  is  consumed.  At  present  natural  ice  is  used  chiefly  for  car  and  boat 
icing,  where  the  appearance  of  the  ice  is  not  a  factor. 

Manufactured  Ice. — The  artificial  ice  industry,  including  plants, 
buildings  and  delivery  equipment,  is  estimated  (1924)  to  comprise  nearly 
a  billion  dollars'  investment.  It  is  placed  ninth  in  point  of  industrial 
investment  in  the  United  States,  and  there  is  reason  to  believe  that  the 
growth  is  going  to  continue,  as  more  organized  efforts  are  made  to 
increase  ice  sales,  especially  to  the  household  trade.  ^ 

In  1922  there  were  listed  (Ice  and  Refrigeration  Blue  Book)  5500 
plants  manufacturing  ice,  with  a  daily  total  capacity  of  223,000  tons. 
In  this  compilation  55.9  per  cent  was  distilled  water  ice,  41.4  per  cent 
was  raw  water  can  ice,  and  2.7  per  cent  was  plate  ice,  and  of  the  plants 
engaged  in  the  production  of  ice  primarily  85  per  cent  had  compression 

^  The  effect  of  the  household  refrigerating  machine  is  beginning  (1927)  to  be 
felt  in  the  larger  cities,  and  in  some  localities  the  electric  driven  two,  one  and  the 
fractional  tonnage  compressors  have  practically  replaced  ice  in  the  wholesale  trade 
for  soda  foimtaia,  groceries  and  markets. 
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TABLE  87 
Recapitulation 


Capacity 
of  Tons 

Tons 
Harvested 

Total  Hudson  River  Houses 

1,823,321 
194,804 

238,083 

Total  Lakes  and  Ponds 

4,548 

2,018,125 

242,631 

Record  of  Previous  Years 


Year,  Totals 

Capacity  in  Tons 

Tons  Harvested 

1923-1924 

1922-1923 

1921-1922 

1920-1921 

1919-1920 

1918-1919 

1917-1918 

1916-1917 

1915-1916 

1914-1915 

1913-1914 

1912-1913 

1911-1912 

2,018,125 
2,320,064 
2,508,798 
2,698,032 
2,800,939 
2,921,927 
3,066,703 
3,043,127 
3,201,943 
3,158,989 
3,226,086 
3,490,420 
3,397,037 
3,558,275 
3,644,150 
3,898,297 
3,933,271 
4,137,259 
4,117,050 
4,154,000 
4,361,800 
4,628,200 
4,833,100 
4,791,400 

242,631 

642,851* 
1,029,808 

689,993 1 
1,237,409 

690,353 
2,537,482 
2,001,150 
1,520,620 
1,398,191 
1,938,149 
1,202,166 
2,853,120 

1910-1911.. 

1909-1910 

1908-1909 

1907-1908 

1906-1907 

1905-1906 

1904-1905 

1903-1904 

1902-1903 

1901-1902 

1900-1901 

2,262,593 
2,206,984 
1,861,192 
2,539,941 
3,582,324 
1,672,188 
3,572,371 
3,661,800 
2,595,110 
3,943,100 
4,606,800 

*  Inclusive  of  308,191  tons  carried  over  from  previous  year, 
t  Inclusive  of  499,170  tons  carried  over  from  previous  year. 
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plants,  12.2  per  cent  had  absorption,  and  2.7  per  cent  had  both  systems. 
It  may  be  mentioned  that  nearly  every  plant  installed  of  late  years  has 

Vjeen  either  electric  or  internal  com- 
bustion engiiie-driven,  which  means 
that  few  distilled  water  systems 
now  go  in,  and  it  is  doubtful  whether 
a  plate  sj'stem  plant  has  been  in- 
stalled in  the  last  ten  years  in  the 
United  States. 

The  ice  manufacturing  industry, 
like  all  appHcations  of  refrigeration, 
has  changed  from  steam  engine  to 
oil  engine  and  particularly  to  elec- 
tric motor-driven  compressors.  With 
the  steam  engine  it  was  convenient 
to  use  the  exhaust  of  the  engine  as 
the  source  of  the  water  to  be  frozen, 
under  which  conditions  the  system 
became  a  distilled  water  can  plant. 
•With  the  rise  in  the  cost  of  fuel  and 
labor,  and  the  desirabihty  of  the 
use  of  electric  power — both  from  its 
simpHcity  and  also  from  its  cleanli- 
ness— there  has  been  a  very  de- 
cided change,  and  few  steam  engines 
are  now  being  installed  in  new  plants  except  under  special  circumstances. 
This  means,  practically,  the  impossibility  of  using  the  distilled  water 
system  and  therefore  these 
electric  or  internal  com- 
bustion engine-driven  com- 
pressors are  of  necessity 
designed  for  the  raw  water 
can  system.  The  use  of 
electricity  also  has  directly 
stimulated  economies  in  the 
cost  of  ice  production,  and, 
in  fact,  is  the  greatest  single 
factor  in  decreasing  ice 
manufacturing  costs. 

The  Distilled  Water  System. — If  well,  lake,  river  or  pond  water  is 
frozen  in  cans  without  the  proper  system  the  ice  produced  will  be  marble- 
like in  appearance,  due  to  the  air  which  is  always  in  solution  in  the 


Fig.  248.— Daily  Ice  Storage. 


Fig.  249.— Typical  Ice  Making  Plant. 
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water.  This  marble  or  opaque  ice  is  good  ice  as  far  as  any  useful  purpose 
is  concerned.  It  melts  at  32  deg.  F.,  and  its  latent  heat  of  fusion  is 
practically  the  same  as  crystal  ice,  but  the  American  public  does  not  like 
it  for  table  or  household  purposes.  Where  crushed  ice  is  used,  as  in  ice 
cream  packing,  ice  and  ice  and  salt  railroad  car  icing,  or  in  fish  packing, 
there  is  no  difference  between  the  two,  but  for  the  retail  trade  the 
transparent  ice  must  be  suppUed. 

One  of  the  first  successful  devices  for  the  manufacture  of  crystal 
artificial  ice  is  the  distilled  water  system.  The  exhaust  from  the  steam 
engine  is  condensed  (at  or  near  212  deg.  F.)  and  is  brought  up  to  a  boil 
again  while  exposed  to  the  atmosphere  in  order  to  permit  the  air  present 
in  the  steam  to  pass  out  (Fig.  250.)  This  so-called  reboiler  has  a  skimmer 
or  surface  blowoff  to  remove  the  surface  foreign  material,  as  cylinder  oil, 


Reboiler 


Ammonia  condenser  || 


Exhaust  steam 

Fig.  250.— The  Distilled  Water  Ice  Plant. 


etc.  The  condensate  is  then  cooled  by  means  of  water-cooled  coils  to 
about  70  to  80  deg.  F.,  and  is  passed  through  both  a  sand  and  a  charcoal 
filter — the  latter  to  remove  any  traces  of  oil  present.  The  distilled  water 
is  now  ready  for  the  cans  unless  some  system  of  precoohng  is  available. 
The  resulting  ice,  if  care  is  taken  not  to  let  air  become  absorbed  by  the 
distilled  water,  will  be  transparent  without  the  medium  of  any  com- 
pHcated  auxiliary  devices.  Being  free  of  air  and  dissolved  salts,  the 
water  will  freeze  perfectly  clear,  unless  impurities  get  into  the  water  and 
cause  a  white  or  a  red  core.  Figure  250  shows  the  ordinary  layout  for  a 
distilled  water  can  ice-making  system. 

There  are  certain  locahties  where  the  distilled  water  plant  has  to  be 
used.  The  so-called  raw  water  can  ice  plant  must  have  good  water  for 
the  cans.  If  this  water  is  heavily  impregnated  with  salts  of  a  nature  that 
cannot  be  precipitated,  for  example,  sodium  salts,  it  is  probable  that  the 
distilled  water  plant  will  have  to  be  used.  For  such  a  plant  the  multiple- 
effect  evaporator  may  work  out  satisfactorily  (Fig.  251),  or  it  is  possible 
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that  the  old  steam  engine-driven  compressor  arrangement  will  be  the 
best  suited.  The  problem  boils  down  to  the  best  plan  for  freeing  of  the 
water  from  the  salts  in  solution,  and  each  case  should  be  solved  on  its 
particular  merits.  While  the  distilled  water  system  is  not  being  installed 
in  new  plants  to  any  great  extent  at  the  present  time,  there  is  a  large 
number  of  plants  that  still  use  it.  However,  every  year  the  number  of 
plants  changing  over  to  electrically  operated  systems  is  large.  One  dis- 
advantage of  the  distilled  water  system  is  the  rapid  deterioration  of  the 
distilling  apparatus  aside  from  the  expense  of  the  distillation. 


100  lb.  Boiler 


Cooling 
water 


1st.  Effect 
100  lb.  Condensed  c^ 
boiler  steam 


144  lb.  Distilled  water  Distilled 
water 


Distilled  water 


Fig.  251. — Four  Effect  Distilled  Water  Evaporator. 


The  Raw  Water  System. — One  of  the  first  of  the  so-called  raw  water 
systems  (water  not  distilled  is  called  raw  water)  was  the  plate  ice  method. 
This  system  is  one  in  which  the  refrigerant  maintains  a  plate  at  zero 
deg.  F.  or  lower  while  it  is  submerged  in  a  tank  of  water.  Ice  is  formed 
on  one  side  only,  the  water  near  the  freezing  surface  being  in  a  constant 
state  of  agitation.  In  the  process  of  five  or  seven  days  a  thickness  of 
some  10  to  11  in.  of  ice  is  formed,  and  this  ice  is  melted  off  the  plate  by 
permitting  hot  gas  from  the  compressor  to  pass  into  the  coils  or  the 
hollow  part  of  the  plate.  The  plate  is  quite  large  and  the  tank  is  deep, 
so  that  the  cake  of  ice  formed,  which  has  to  be  lifted  by  a  crane,  weighs 
from  three  to  five  tons.  This  large  cake  is  now  removed  to  the  saw 
table  where  300-lb.  cakes  are  made  up. 

The  plate-  system  makes  good  ice,  and,  in  fact,  it  is  said  that  no 

2  Harry  Sloan  says  (N.A.P.R.E.,  1922)  that  the  quahty  of  plate  ice  has  never 

been  equalled  by  any  other  method  of  manufacture.  Only  slight  differences  in  thick- 
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better  ice  can  be  made.  It  is  non-uniform  in  thickness,  however,  and 
there  is  some  prejudi(!e  against  it  on  the  part  of  the  retailer.  The  tank 
is  deeper  than  the  can  ice  tank  would  be,  and  the  head  room  has  to  be 
greater.  The  crane  may  have  to  be  stronger,  although  the  present 
tendency  in  can  ice  making  is  to  increase  the  load  on  the  crane,  but  the 
saw  table  involves  expense  for  power  and  there  is  the  trouble  of  snow 
ice  formed  by  the  sawing  operation.  The  net  result  (due  to  the  greater 
first  cost,  trade  resistance  and,  as  a  rule,  the  greater  operating  cost)  is 
an  absence  in  the  installation  of  new  plate  plants  during  the  last  few 
years. 

The  Can  Raw  Water  System. — The  history  of  raw  water  can  ice 
making  systems  shows  a  large  number  of  different  devices.  The  attempt 
at  first  was  to  prevent  opaque  ice,  due  to  dissolved  air  in  the  water,  and 
later  the  problem  became  a  desire  to  overcome  the  effects  of  dissolved 
salts  as  well  as  dissolved  air  in  the  water.  Paddles  were  used  in  the 
early  designs,  and  later  a  plunger  with  a  pipe  connection  to  the  can  so 
that  an  oscillation  of  the  plunger  created  a  surge  of  the  water  in  the 
can.  The  entire  tank,  if  a  small  one,  has  been  placed  on  trunnions  and 
has  been  rocked  by  a  suitable  mechanism.  Experiments  towards  the 
elimination  of  all  agitation  by  special  treatment  has  been  attempted  for 
years  and  especially  latel}^^  This  latest  process  requires  the  use  of 
galvanized  piping  throughout,  a  telescopic  water  storage  tank,  a  special 
can  filHng  device  and  finally  a  very  careful  chemical  treatment  and 
filtration  followed  by  a  subjection  of  the  water  heated  to  about  150  deg. 
F.  to  a  very  high  vacuum.  A  second  filtering  completes  the  process. 
It  is  stated  that  the  first  and  the  operating  cost  is  less  than  is  required 
for  high  pressure  air  agitation. 

Of  all  the  methods  of  freezing  water  for  commercial  purposes  the 
can  system  of  raw  water  ice  manufacture  has  proved  itself  to  be  the 
most  successful  arrangement.  The  cans  are  usually  300  or  400  lb., 
although  smaller  sizes  are  used  in  small  tanks  or  where  the  ice  is  desired 
to  be  frozen  during  the  day-time  operation.  The  standard  ice  can  size 
(Table  88)  is  about  11  in.  by  22  in.  cross-section  and  this  size 
in  the  300-  or  400-lb.  cake  has  been  found  to  be  convenient,  both  as 
regards  freezing  time  and  also  as  regards  the  handling  and  the  cutting 
up  for  the  trade. 

In  the  can  system  the  water  to  be  frozen  is  put  into  the  cans,  and 
these  are  lowered  into  a  tank  of  brine  until  the  brine  level  (on  the  outside 
of  the  cans)  is  at  least  up  to  the  surface  of  the  water  inside  of  the  can. 

ness  and  rounded  edges  appear  on  the  top  row  of  cakes.     Much  more  evenness  of 
thickness  has  been  obtamed  since  the  introduction  of  the  flooded  system. 
3  Van  R.  Greene,  Eastern  Ice  Association,  April,  1923. 
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There  is  an  advantage  in  having  the  cans  submerged  below  this  point, 
both  as  regards  the  shortening  of  the  freezing  time  required  and  also  as 
regards  the  decrease  in  the  probable  amount  of  checking  of  the  ice. 
The  brine  for  raw  water  ice  is  maintained  cold  at  a  temperature  varying 
usually  from  14  to  18  deg.  F.  by  means  of  direct  expansion  piping  in  the 
tank  or  by  means  of  shell  and  tube  cooler  submerged  in  the  brine  in  the 
tank,  and  is  kept  circulated  by  means  of  a  suitable  propeller.  The  water 
to  be  frozen  may  have  excessive  salts,  and  always  has  a  considerable 
amount  of  air,  in  solution.  The  former  may  be  decreased,  as  regards 
the  weight  of  actual  solids,  bj^  the  water  softening  treatment  of  lime  and 
soda  ash  or  by  pumping  out  the  core  water  after  the  can  is  about  three- 
quarters  frozen.  These  solids  and  the  air  in  solution  constitute  a  real 
problem,  and  their  removal  brings  the  variety  of  designs  which  are  now 
to  be  found  on  the  market. 

TABLE  88 
The  Standard  Sizes  of  Ice  Cans 


Weight  of 

Inside  Dimensions, 

Inches 

Length 

Thickness  of  Material, 
U.  S.  Standard  Gage 

Cake  of  Ice 

Overall, 

Pounds 

Inches 

Top 

Bottom 

Length 

Sides 

Bottom 

25 

4X9 

3iX   8^ 

23 

24 

No.  18 

No.  18 

50 

5    X12 

4|X1H 

31 

32 

No.  16 

No.  16 

50 

6   XlO 

5^X  9i 

31 

32 

No.  16 

No.  16 

50 

8X8 

71 X  71 

31 

32 

No.  16 

No.  16 

60 

5   X14 

41X131 

31 

32 

No.  16 

No.  16 

(25  KjIos.) 

100 

8   X16 

7iXl5i 

31 

32 

No.  16 

No.  16 

200 

lUX22i 

10^X211 

31 

32 

No.  16 

No.  16 

200 

14iXl4i 

13^Xl3i 

35 

36 

No.  16 

No.  16 

300 

1UX221 

10iX21i 

44 

45 

No.  16 

No.  16 

400 

lHX22i 

10^X2U 

57 

58 

No.  14 

No.  14 

Air  Agitation. — The  subject  of  air  agitation  has  been  one  of  careful 
investigation  for  some  10  or  15  years.  It  involves  the  chemistry  of  the 
water  to  be  frozen,  the  efficiency  of  the  filter  process,  the  cost  of  power 
for  agitation,  the  extra  cost  of  the  tank  room  work  and  the  losses  due 
to  checking  and  chattering  of  the  frozen  cake.  The  appearance  of  the 
cake  of  ice  is  given  much  consideration  so  that  the  primary  objective  is 
a  crystal  cake  with  the  least  core  or  color. 
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The  result  has  been  designs  of  various  sorts.  The  first  system  of 
agitation  used  involved  a  drop  pipe  into  the  center  of  each  can  about 
three-quarters  of  the  way  to  the  bottom  of  the  can.  Air  at  about  3  lb. 
pressure  is  applied  and  about  0.5  cu.  ft.  of  free  air  per  300-lb.  can  is 
used.  At  a  certain  period  in  the  freezing  process  the  drop  pipe  is  removed 
and  the  freezing  is  continued  without  agitation.  Another  method  on  the 
removal  of  the  drop  pipe  is  to  suck  the  core  and  replace  the  water  with 
distilled  v/ater,  but  this  is  not  used  in  new  plants  at  present,  except  in 

Reducer  elbow  nozzle 
Tee  hose  coupling, 

Tube  socket! 


Ice  can 


NOTE:  At  each  end  of  a  lateral,  ell 

hose  coupling  is  required  for  one 

can,  instead  of  te& 


Fig.  252. — High  Pressure  Air  Agitation. 


very  unusual  cases.  With  this  system,  unless  the  drop  pipe  is  removed 
at  the  proper  time  it  will  be  frozen  into  the  cake  (requiring  the  thawing 
out  by  means  of  a  steam  needle),  and  its  usefulness  under  these  circum- 
stances would  be  decreased  because  the  pressure  of  3  lb.  is  not  great 
enough  to  prevent  ice  formation  about  the  end  of  the  pipe  and  the  stop- 
ping of  the  agitation  at  that  point.  Finally,  the  can  is  lifted  by  a  crane 
and  is  conveyed  to  the  thawing  platform  where  it  is  dipped  into  a  tank  of 
water  at  or  about  70  deg.  F.  or  in  hot  water  (depending  on  local  con- 
ditions) for  an   amount  of  time   depending  on  special   factors.    When 
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the  ice  is  loosened  in  the  can  it  is  placed  on  the  tilting  table  and  is 
permitted  to  slide  on  chutes  into  the  daily  ice  storage  room. 

The  low  pressure  air  agitation'*  raw  water  system  will  give  fairly  good 
ice  if  good  water  is  used.  There  is  an  expense  due  to  the  handling  of  the 
drop  pipes,  which  must  be  removed  at  the  proper  time  or  be  frozen  into 
the  ice,  under  which  conditions  the  pipe  has  the  additional  expense  of 
thawing  by  means  of  the  needle,  a  process  which  results  in  added  wear 
and  tear  to  the  drop  pipe  also.  The  low-pressure  agitation  drop  pipe 
(Fig.  253)  is  placed  in  the  center  of  the  can  and  is  designed  to  be  frozen 


Lid  (for  3  qans) 


Detail  at  "A"  showing 

opening  wtiere  lateral 

connects  to  hose 


Ferrule  (slotted 
to  drain  water) 

Auxiliary  sloping  air  vent  for 
continued  agitation  while  freezing 


^ank 
Fig.  253. — Low  Pressure  Air  Agitation. 


into  the  cake  of  ice.   The  seamless  drawn  brass  tubing  is  perforated  with 
small  holes  at  several  points  to  permit  agitation  of  the  core  after  the 

*  Some  water  causes  considerable  difficulty  because  the  agitation  is  not  vigorous 
enough  to  prevent  impurities  from  settling  to  the  bottom  and  forming  a  dirty  streak 
in  the  ice.  The  cure  would  be  either  better  softening  (and  filtration)  or  earlier  drop- 
ping of  the  core,  or  agitation  with  a  greater  air  pressure.  But  the  low-pressure  air 
system  is  much  cheaper  in  first  cost,  and  it  is  often  used  where  the  water  is  good. 
Harry  Sloan  says  (N.A.P.R.E.,  1922)  that  the  disadvantages  of  low-pressure  air 
agitation  are  thick  opaque  cores  and  greater  labor  costs.  The  advantages  are  m 
the  low  first  cost,  in  more  simple  installation  and  most  economical  in  the  use  of 
power. 

H.  R.  Halterman  (N.A.P.R.E.,  1922)  says  that  100  cu.  ft.  of  free  air  per  minute 
compressed  to  3  lb.  per  sq.  in.  pressure  requires  2\  hp.,  and  0.5  cu.  ft.  per  minute  per 
can  is  used.  He  states  also  that  100  cu.  ft.  of  free  air  per  minute  compressed  to  30  lb. 
requires  10  hp.,  but  that  only  0.2  cu.  ft.  of  air  per  minute  is  required  per  can. 
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end  of  the  tube  is  filled  up  by  the  formation  of  ice.  It  may  be  men- 
tioned that  the  present  tendency  seems  to  be  to  permit  the  pipe  to 
freeze  into  the  cake,  and  thereby  permit  more  agitation  to  take  place, 
decreasing  by  this  means  the  amount  of  white  core  in  the  finished  cake. 

TABLE  89 

Low-pressure  Freezing  System  Apparatus — Air  Blowers 


Tons 
of  Ice 

Number 
of  Cans 

Size  of 
Pipe, 
Inches 

C.f.m. 

R.p.m. 

Horse- 
power of 

Motor 
Required 

Size  of 
Blower 
Pulley, 
Inches 

Belted 
Weight, 
Pounds 

Maximum 

R.p.m. 
of  Motor 

1 

16 

21 

8 

520 

.75 

7X1.5 

90 

1200 

2 

30 

21 

15 

635 

.75 

7X1.5 

90 

1200 

3 

42 

21 

21 

600 

1.5 

8X2 

200 

1200 

4 

56 

2i 

28 

670 

1.5 

8X2 

200 

1200 

5 

70 

2h 

35 

740 

2 

8X2 

200 

1800 

6 

84 

2i 

42 

810 

2 

8X2 

200 

1800 

8 

112 

2§ 

56 

700 

3 

10X2.5 

300 

1800 

10 

144 

2| 

72 

800 

3 

10X2.5 

300 

1800 

12 

168 

3 

84 

505 

5 

12X3 

400 

1800 

15 

210 

3 

105 

550 

5 

12X3 

400 

1200 

20 

280 

3 

140 

660 

5 

12X3 

400 

1200 

25 

360 

3 

180 

790 

5 

12X3 

400 

1200 

30 

420 

4 

210 

460 

7.5 

16X4 

730 

1200 

35 

484 

4 

242 

505 

7.5 

16X4 

730 

1200 

40 

560 

4 

280 

565 

7.5 

16X4 

730 

1200 

50 

720 

4 

360 

680 

7.5 

16X4 

730 

1200 

60 

840 

4 

420 

460 

7.5 

16X4 

1460 

1200 

80 

1120 

4 

560 

565 

7.5 

16X4 

1460 

1200 

100 

1440 

4 

720 

680 

7.5 

16X4 

1460 

1200 

120 

1680 

6 

840 

500 

10 

20X4 

3000 

1200 

150 

2160 

6 

1080 

550 

15 

20X4 

3000 

1200 

200 

2880 

6 

1440 

550 

15 

20X4 

4500 

1200 

Blowers  operate  at  3  lb.  gage  pressure. 

Very  seldom  is  the  water  to  be  frozen  free  from  some  trace  of  solids. 
The  saying  that  water  which  is  good  enough  to  drink  is  good  enough  for 
raw  water  ice  needs  some  reservations  (Fig.  254.)  The  solids  concentrate 
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as  freezing  continues,  and  the  core  water  becomes  very  briny  to  the 
taste.  The  core  needs  to  be  removed  once  and  sometimes  twice  in  the 
300-  and  400-lb.  cake,  both  from  the  viewpoint  of  the  foreign  material 
and  also  because  of  the  reduced  freezing  temperature  of  the  core  water 
and  the  increased  time  of  freezing  required.  This  is  done  by  means  of 
a  core  sucker  (Fig.  265).  The  air  for  agitation  is  best  taken  from  the 
top  of  the  tank,  thereby  getting  a  colder  air  than  would  be  available  in 
the  summer  from  the  atmosphere  and  a  lower  moisture  content.  The  air 
is  delivered,  as  a  rule,  by  means  of  large  headers  to  the  laterals.  The 
air  pressure  is  therefore  more  uniform  all  over  the  tank. 


'^^= 


^sss^ 


Fig.  255. — Medium  Pressure  Can  Agitation — Center  Tubes 


The  High  and  the  Medium  Air  Pressure. — If  the  drop  pipe  is  located 
in  the  center  of  the  can  it  is  subjected  to  32  deg.  F.  until  the  very  last 
part  of  the  freezing  of  the  can,  and  under  these  conditions  no  trouble  is 
experienced  from  the  freezing  of  the  moisture  content  of  the  air.  How- 
ever, if  the  drop  pipe  is  made  an  integral  part  of  the  can,  either  soldered 
in  the  corner  (Fig.  252)  or  fastened  to  the  side  of  the  can,  it  comes  into 
metal  contact  with  the  brine,  which  is  at  14  to  18  deg.  F.  Such  air 
agitation,  spoken  of  as  high  pressure  or  medium  pressure  air,  will  need 
to  be  dehumidified  in  order  to  reduce  the  dew  point  of  this  air.  As  air 
under  10  to  20  lb.  is  required  at  the  laterals,  the  compressor  usually 
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supplies  air  at  a  pressure  greater  than  this  by  an  amount  varying  from 
a  few  pounds  up  to  30  lb.  more  than  is  required  at  the  cans.  ^  Some 
manufacturers  have  no  high  pressure,  but  what  is  called  a  medium 
pressure  air  system  (Fig.  255).  In  another  form  the  drop  pipe  is  soldered 
into  the  corner  of  the  can,  and  a  hole  in  the  side  of  the  pipe  about  6  in. 
from  the  bottom  of  the  can  permits  the  air  to  come  out.  However, 
dehumidifiers  are  required  in  all  cases  except  the  low-pressure  systems, 
and  there  are  three  forms  of  these  in  general  use. 

The  Dehumidifier. — The  first  form  employs  a  cyHndrical  shell  one- 
half  full  of  water  and  kept  cool  with  brine  from  the  brine  tank.  The 
air  is  admitted  near  the  bottom  by  passing  through  pipes  or  plates  per- 
forated with  small  holes,  and  as  it  passes  upwards  through  the  water, 
is  washed,  cooled  and  purified.  Apparently  much  depends  on  the  design 
of  the  air  openings  as  it  is  possible  for  the  air  to  pass  in  streams  instead 


Fig.  256. — Medium  Pressure  Can  Agitation — Corner  Tubes. 


of  as  bubbles  under  which  conditions  the  efficiency  of  the  dehumidifier 
will  decrease.  Finally,  the  air  is  further  cooled  and  dehydrated  by  means 
of  a  brine  coil. 

The  second  type  uses  two  cylindrical  shells  through  which  the  air 
passes  in  series,  the  first  being  one-half  full  of  water  cooled  by  means  of 
a  brine  coil  and  the  second  half-full  of  brine  which  is  cooled  by  the 
use  of  direct-expansion  piping.   The  air  line  to  the  cans  has  also  usually 

5  For  18  lb.  air  a  hole  made  by  a  No.  75  drill  is  satisfactory  or  a  No.  53  drill  and 
a  No.  If  B.  and  S.  gage  wire.  The  air  should  be  compressed  to  25  to  30  lb.  at  the 
compressor  if  14  to  16  deg.  F.  brine  is  to  be  used. 

The  high-pressure  air  system  has  the  advantage  because  of  the  necessity  of  the 
removal  of  the  air  tube  in  the  low-pressure  system,  with  the  resulting  stoppage  of 
agitation  and  the  large  core  in  the  ice  block  as  weU  as  the  labor  required  in  the  work. 
The  high-pressure  air  system  requires  the  use  of  a  constricting  orifice. 

Thomas  Shipley  says  that  the  low-pressure  air  system  is  all  right  with  proper 
care  and  some  waters,  but  the  high-pressure  air  system  would  produce  much  better 
results  on  the  average  than  wiU  the  low-pressure  even  when  the  low-pressure  agitation 
is  doing  its  best  as  there  is  no  stoppage  of  agitation  at  any  time;  and  that  the  core 
spaces  do  not  require  washing  out  except  when  the  sediment  is  very  heavy. 


THE   DEHUMIDIFIER 


387 


a  cartridge  filter  which  has  to  be  recharged  every  four  hours.  A  modifica- 
tion of  the  method  uses  a  brine  spray  (Fig.  257). 

The  third  type  is  composed  of  two  shell  and  coil  or  shell  and  tube 
cylindrical    tanks,     brine 


Safety  valve-; 


Separator 


Baffles 


Equalizer 
pipe 


Auxiliary 
brine  line 


cooled,  ^  through  which 
the  air  passes  in  series. 
The  second  tank  collects 
a  frost  on  the  cooUng 
surfaces  and  must  be  de- 
frosted every  six  to  eight 
hours.  ^  This  is  done  by 
the  simple  device  of  re- 
versing a  four-way  valve. 
The  particular  advantage 
of  this  type  is  its  sim- 
plicity, the  lack  of  care 
required  in  its  operation, 
the  avoidance  of  dilution 
of  the  brine  as  is  the  case 
where  the  air  comes  in 
direct  contact  with  the 
brine  and  the  lack  of  any 
need  of  filtering  in  order 
to  collect  the  salt  held  in 
the  air  which  would  tend 
to  close  the  needle  valves 
in  the  can  pipes.  The 
frost  accumulation  on  the 
pipes  assists  in  cooUng  the 
air  by  an  amount  at  least 
equal  to  the  latent  heat  of 
fusion  of  the  ice  when  the 
four-way  valve  is  reversed 
(Fig.  258). 

The  use  of  air  agitation  involves  considerable  operating  expense 

8  Shipley  says  that  the  use  of  brine  instead  of  direct  expansion  for  air  cooling  is 
preferred  because  if  the  compressor  stops  at  any  time  the  air  can  be  kept  cold  and 
therefore  dehumidified.  Air  pressures  of  5  lb.  for  low  pressure  and  25  lb.  for  high 
pressure  use  the  same  motor  for  either  condition  and  therefore  the  same  power. 

'  The  possible  objection  to  this  is  the  accumulation  of  frost  on  the  second  brine 
coil  which  soon  decreases  the  efficiency  of  the  cooling  surface  to  a  point  where  cooling 
below  32  deg.  F.  would  be  difficult,  unless  the  four-way  valve  is  operated  as  well  as 
the  brine  valves. 


rine  outlet  -  return 
to  freezing  tank 

Air  Distributor 
Air  inlet 


^Moisture  trap 
Fig.  257. — Air  Dehydrator,  Using  Brine  Sprays. 
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Fig.  258. — Air  Dehydrator — Using  Brine  Coils. 
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and  investment.  The  medium  air  pressure  system  requires  slightly  less 
air  than  the  low-pressure  agitation  and  a  little  more  power,  but  the  ice 
quality  is  better.  It  is  claimed  that  the  high  agitation^  system  requires 
6  kw.  hr.  per  ton,  or  approximately  one-eighth  of  the  entire  power 
required  of  the  plant.  One  man  is  used  in  the  tank  room  per  shift  up  to 
60  tons  output  per  24  hours.  The  ratio  of  the  power  requirements  is 
about  1.0  hp.  per  100  300-lb.  cans  for  low-pressure  air,  and  from  4.0  to 
5.0  hp.  per  100  300-lb.  cans  for  high-pressure  air  agitation,  and  in  addi- 
tion there  is  required  the  refrigeration  necessary  to  cool  the  air,  and  the 
power  for  the  water  and  the  brine  pumps.  About  |  hp.  is  used  per  100 
300-lb.  cans  for  the  core  pump.  If  air  agitation  could  be  eliminated,  it 
would  be  a  great  means  of  simplifying  the  manufacture  of  ice,  and 
attempts  are  being  made  in  that  direction.  The  modern  tendency 
(1927)  is  towards  the  use  of  a  medium-pressure  air  (about  10  lb.)  using 
a  drop  pipe  in  the  center  of  the  can,  made  of  brass  and  extending  nearly 
to  the  bottom  of  the  can  (usually  about  5  in.  of  the  bottom)  as  com- 
pared with  about  9  in.  for  the  low-pressure  system.  It  gives  a  cake  of 
ice  with  hardly  any  perceptible  core,  saves  tank  room  labor  and  does  not 
require  much  more  power  than  the  rather  crude  low-pressure  drop  pipe 
system  of  the  earlier  designs. 

Ice  Dumping  and  Refilling  the  Cans. — The  tank  room  routine  con- 
sists in  the  filling  of  the  cans  with  water,  the  freezing  and,  finally,  the 
dumping  of  the  ice.  The  usual  method  is  to  lift  a  number  of  cans  by 
means  of  the  can  hoist  and  to  convey  them  to  the  dump  where  the  can 
filler  is  usually  located.  Much  of  this  work  is  heavy  routine,  and  it 
takes  almost  as  long  to  lift  two  cans  as  it  does  to  lift  six  or  eight. 
To  reduce  the  cost  of  labor  in  the  tank  room  2-can  hoists  are  now  limited 
as  a  rule  to  very  small  ice  tanks,  but  the  larger  tanks  have  cranes  which 
will  lift  as  many  as  24  to  30  cans  at  a  time,  using  the  heavy  3-motor 
crane.  Heretofore  the  connection  from  the  cans  to  the  crane  has  been 
by  means  of  can  dogs,  but  when  four,  six  or  more  cans  were  "hfted" 
considerable  time  was  wasted  because  of  the  undue  swinging  of  the 
cans  at  the  start  and  the  stop,  and  injury  to  the  cans  or  the  direct 
expansion  piping  in  the  tank.  The  result  has  been  the  use  of  the  so-called 
can  basket — a  device  which  means  simply  the  assembling  together  of  all 
the  cans  to  be  lifted  at  one  time,  and  a  means  of  attaching  the  crane 
chains  to  the  basket.  Suitably  held  together  a  row  of  24  cans  can  be 
manipulated  nearly  as  quickly  as  the  old  2-can  hoist.     The  basket  is 

8  Sloan  says  (N.A.P.R.E.,  1922):  Every  hp.  additional  added  to  auxiliaries  of 
the  plant  mean  |  kw.-hr.  per  ton  ice  (allowing  for  efficiency  of  motors,  etc.).  Whyte 
says  in  reply  that  cost  of  power  in  five  plants  (Consumers  Ice  Co.,  Chicago)  checked 
exactly  with  amount  used  in  low-pressure  plants. 
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sometimes  made  of  an  angle  iron  frame,  and  the  additional  weight 
assists  in  submerging  the  cans  in  the  brine  and  also  decreases  the  neces- 
sary strength  of  the  tank  framing,  and  permits  the  cans  to  be  placed  on 
closer  centers.  In  some  designs  the  use  of  baskets  requires,  however, 
the  placing  of  the  piping  on  the  bottom  of  the  tank  or  its  elimination 
entirely  by  the  use  of  the  shell  and  tube  brine  cooler.  The  saving  of 
time  in  the  tank  room  has  been  found  to  be  about  30  per  cent  using 
baskets  as  compared  with  can  dogs.  With  the  decreased  size  of  the  tank 
frame  by  using  the  basket  it  has  been  found  that  less  tank  room,  roof 
and  crane  space  are  required,  less  ground  space,  insulation  and  founda- 
tion work,  less  framework  and  brine  charge,  fewer  accidents  and  less 
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damage  to  the  cans  and  piping,  etc.,  resulting  in  10  per  cent  less  space 
and  50  per  cent  less  repairs  (Ralph  Cole,  N.A.P.R.E.,  1923). 

Tests  of  ice  tanks  (R.  C.  Doremus,  N.A.P.R.E.,  November,  1922) 
showed  considerable  variation  in  the  operating  conditions  when  using 
large  baskets.  With  960  400-lb.  cans,  using  38|  diam.  by  14  ft.  long 
shell  and  tube  brine  cooler  and  2  18-in.  propellers  at  each  end,  pulls  of 
12  cans  caused  a  brine  temperature  rise  of  0.7  deg.  F.,  whereas  16  cans 
at  a  time  caused  a  temperature  rise  of  1.0;  20  cans,  1.6,  and  24  cans 
caused  a  temperature  rise  of  1.9  deg.  F.  Lifting  8  cans  at  a  time  caused 
the  brine  level  to  fall  IJ  in.,  and  24  cans  caused  the  brine  level  to  drop 
5j  in.    These  changes  of  brine  level  would  require  special  designs.   It  is 


THE   DIP   TANK 


391 


claimed  that  a  can  lift  of  1  to  Ij  per  cent  is  the  maximum  amount  per- 
missible at  a  time  unless  an  excessive  variation  of  the  operating  condi- 
tions is  to  be  permitted. 

The  Dip  Tank.— The  old-fashioned  sprinkler  dump  (Fig.  259)  is 
now  being  replaced  by  the  dip  tank.  One  of  the  operating  difficulties 
in  ice  making  is  that  of  the  checking  of  the  ice.    Checking  is  due  to  so 


NOTE:  This  apparatus  may  be 
extended  as  indicated 


Thawing  tank 
Fig.  260. — Automatic  Can  Filler. 


many  factors  that  operation  in  any  two  plants  is  seldom  alike.  Some 
plants  use  60  deg.  F.  water  in  the  dip  tank  and  others  have  the  water 
steaming.  The  present  tendency  is  to  have  the  dip  tank  water  agitated 
with  air  (in  the  case  of  medium  and  high-pressure  systems)  in  order  to 
give  greater  heat  transfer  to  the  cans  and  to  stimulate  a  more  even 
temperature  all  around  the  cake  of  ice,  through  destroying  stratification 
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by  removing  the  cold  film  of  water  about  the  cans.  A  gain  of  42  per  cent 
in  the  time  required  for  thawing  of  the  ice  is  claimed  for  the  air-agitated 
dip  tank. 

Can  Filling. — Even  in  the  small  ice-making  plants  it  is  doubtful 
whether  the  old  float  valve  type  of  automatic  can  filler  is  profitable. 
It  is  slow,  expensive  to  operate,  and  unless  carefully  operated  may  result 
in  a  weakened  brine.  At  present  the  dip  tank,  the  can  dump  (which  is 
simply  a  rest  for  the  cans  on  trunnions)  and  the  measuring  tank  type  of 
can  filler  are  designed  as  a  unit  (Fig.  260).  With  the  modern  type  of  can 
filler  the  correct  amount  of  water  is  ready  in  each  compartment  (there  is 
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a  separate  compartment  for  each  can)  and  a  pull  of  the  control  chain 
starts  the  filling  operation.  With  a  3-in.  filler  pipe  the  400-lb.  can  can 
be  filled  in  26  seconds,  whether  2  or  20  cans  are  filled  at  the  same  time. 
While  the  tank  man  is  pulling  another  batch  of  cans  the  filler  tank  is 
receiving  another  charge  of  water. 

The  cans,  filled  with  water,  will  submerge  quickly  to  the  proper  level 
without  difficulty  and  with  less  wear  and  tear  to  the  equipment.  This 
is  especially  important  of  late  years  because  of  the  amount  of  agitation 
given  the  brine.  This  would  tend  to  carry  the  can  out  of  plumb  unless 
they  were  restrained  by  the  means  of  can  guides.    The  dump,  for  the 
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larger  plants,  is  electrically  operated  by  means  of  cables  driven  by  a 
slow  speed  electric  dump  hoist. 

Agitation. — The  brine  must  be  agitated  (Figs.  261  and  262  and  Table 
90)  in  order  to  secure  results  of  any  value  in  the  ice  tank.  This  is  because 
of  the  tendency  for  stratification  and  the  formation  of  films  about  the 
ammonia  piping  and  the  ice  cans.     The  advent  of  raw  water  ice  has 


Fig.  262. — Vertical  Brine  Agitator. 


changed  conditions  considerably  in  this  respect.  Raw  water  ice  can  be 
made,  as  a  rule,  only  with  14  deg.  F.  brine  or  higher,  because  of  the 
tendency  for  checking.  It  is  also  uneconomical  to  operate  an  electrically 
driven  compressor  with  low-temperature  brine.  The  net  result  is  a 
striving  for  a  close  temperature  range  between  the  temperature  of  the 
ammonia  boiling  in  the  pipes  and  of  the  brine. 
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In  order  to  get  this  close  operation  and  at  the  same  time  to  acquire 
production  a  heavy  agitation  is  necessary.  Some  tanks  have  been 
designed  for  a  difference  in  the  brine  level  of  from  three  to  five  or  more 
inches  in  the  tank.  There  is  also  more  thought  in  regard  to  the  regula- 
tion of  the  velocity  of  the  brine  in  different  parts  of  the  tank.  With  a 
tapering  can  it  is  evident  that  there  is  more  space  at  the  bottom  of  the 
brine  tank  between  the  cans  for  the  brine  to  pass  through  than  there  is 
at  the  top.  Also  there  is  usually  considerable  space  at  the  bottom  of  the 
tank  below  the  cans.  Since  for  best  results  the  brine  flow  should  be 
reasonably  uniform  around  the  cans,  attention  is  now  being  directed  to 
this  matter. 

The  amount  of  agitation  is  not  at  all  uniform,  as  has  been  mentioned, 
but  the  following  is  the  practice  among  some  engineers:  for  400  cans 
or  less  use  one  agitator,  and  for  24  cans  wide  and  about  20  cans  up  to 
35  cans  long  use  two  agitators,  at  the  same  end  of  the  tank.  For  more 
than  24  cans  wide  and  more  than  35  cans  long  use  two  agitators  at  each 
end.  The  power  required  of  the  agitators  is  approximately  2j  hp.  per 
agitator,  propeller  204  r.p.m.,  18  in.  diam.,  4  blades,  2.7  ft.  pitch. 

Water  Softeners. — Deep  well  water  varies  in  the  amount  of  salt  in 
solution  in  the  different  parts  of  the  United  States  (Fig.  254).  The 
eastern  seaboard  has  good  water  except  in  Florida,  where  it  is  very  bad. 
The  central  states  have  hard  water,  as  for  example,  Illinois,  Indiana, 
Iowa,  South  Dakota,  Nebraska,  Kansas  and  Oklahoma.  Washington 
and  Oregon  have  soft  water,  but  California  water  is  bad.  The  water  of 
the  Great  Lakes  is  hard.  In  the  southwest  the  water  in  certain  regions 
contains  so  much  sodium  bicarbonate  as  to  make  it  unfit  for  raw  water 
ice  making. 

If  water  contains  more  than  a  trace  of  solids  in  solution  before  it  is 
suitable  for  can  ice  manufacture  it  must  have  a  special  treatment  if  a 
crystal  cake  of  ice  is  to  be  secured,  for  as  freezing  continues  the  mineral 
impurities  are  separated  out  as  a  precipitate  and  will  show  as  a  white 
or  as  a  colored  deposit.  Thus  magnesium  salts  will  cause  a  white  and 
iron  salts  a  red  deposit  in  the  ice.  If  agitation  is  not  resorted  to  these 
particles  as  well  as  the  air  in  solution  in  the  water  will  settle  on  the 
surface  of  the  ice  and  being  frozen  into  the  ice  will  give  the  pecuUar 
opaque  appearance  which  is  not  desired  by  the  retail  trade.  If  the 
water  is  agitated,  the  impurities  will  be  kept  moving  in  the  core  water, 
and  this  action  will  continue  until  the  core  water  gets  more  and  more 
briny  until  settlement  will  occur  or  the  core  is  removed,  to  be  replaced 
with  fresh  water  (or  under  exceptional  circumstances  with  distilled 
water).  If  the  core  was  a  large  one  requiring  a  large  replacement,  it  is 
possible  that  a  second  core  pulhng  would  be  required.     In  addition  to 
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Calcium  carbonate  is  limestone  (CaCOs).  Water  (H2O)  as  rain,  absorbs  carbon 
dioxide  (CO2)  as  it  falls  to  earth,  and  from  the  earth,  and  then  the  water  with  the 
absorbed  CO2  dissolves  the  limestone.     The  chemical  equation  is  written  as  follows: 

CaCOa  +  CO2  +  H2O  =  CaC03C02H20 
Limestone  +  Carbon  +  Water  =  Calcium  Bi-carbonate 
(Insoluble)        Dioxide  (Soluble) 

The  same  is  true  of  magnesium  carbonate.  But  water  chemists  have  reported 
the  bi-carbonates  of  calcium  and  magnesium  in  terms  of  calcium  carbonate  and 
magnesium  carbonate  for  so  long  that  it  has  become  standard  practice.  Occasion- 
ally, however,  an  analysis  is  submitted  where  they  are  expressed  as  bi-carbonates, 
and  the  following  factors  may  be  of  help: 

Calcium  Bi-carbonate  X  0.617  =  Calcium  Carbonate. 

Calcium  Carbonate  X  1.62  =  Calcium  Bi-carbonate. 
Magnesium  Bi-carbonate  X  0.576  =  Magnesium  Carbonate. 
Magnesium  Carbonate  X  1.735  =  Magnesium  Bi-carbonate. 

The  following  table  gives  the  names  of  the  usual  minerals  found  in  water,  how 
they  eifect  the  appearance  of  raw  water  ice,  and  the  effect  of  treatment  with  hydrated 
lime  in  an  efficient  water  treating  plant. 


Minerals  in 
Water 


Calcium  carbonate 


Magnesium 
carbonate . 


Iron  oxide . 


Aluminum  oxide 
and  silica 


Suspended  matter 

Calcium  sulphate 
calcium  chloride 


Magnesium 
sulphate. . 


Magnesium 
chloride .  . 


Sodium  sulphate, 
sodium  chloride. 


Sodium  carbonate 
(actually  pres- 
ent as  sodium 
bi-carbonate)  .  . 


Effect  in  Ice 


Forms  gritty,  dirty,  discolored  deposit, 
usually  in  lower  part  and  center  of  the 
cake.  Causes  shattering  at  low  freezing 
temperatui-es. 

Forms  gritty,  dirty,  discolored  deposit, 
milky  patches  and  bubbles,  and  also 
causes  shattering  at  low  freezing  tem- 
peratures. 

Causes  bad  discoloration,  yellow  or 
brown  deposits  and  also  stains  the  cal- 
cium and  magnesium  deposits. 

Cause  dirty  deposit  and  sediment. 

Causes  dirty  deposit  and  sediment. 

Act  like  and  are  no  worse  than  sodium 
sulphate  and  sodium  chloride.  Do  not 
form  deposit. 

Cause  greenish  or  grayish  cast,  con- 
centrate in  core  water,  retard  freezing 
and  cause  heavy  cores.  Often  show  up 
as  white  spots  and  dirty  colored  streaks. 
Also  act  like  sodium  sulphate  and 
sodium  chloride.     Do  not  form  deposit. 

Cause  white  butts,  concentrate  in  core, 
make  heavy  core  and  retard  freezing — 
but  do  not  form  deposit. 

In  only  small  quantities  often  causes 
shattering  at  temperatures  below  16 
degrees.  Also  causes  white  butts,  con- 
centrates in  core,  retards  freezing  and 
makes  heavy  cores.  Does  not  form 
deposit. 


Result  of  Treatment 
With  Hydrated  Lime 

Ca(0H)2 


Practically  eliminated. 


Practically  eliminated. 


Eliminated. 


Practically  eliminated. 

Eliminated. 
No  change. 


Changes    to    calcium 
sulphate. 

Changes    to    calcium 
chloride. 

No  change. 


Treatment  changes  so- 
dium bi-carbonate 
to  sodium  carbonate 
— treatment  im- 
proves but  little. 


WATER  SOFTENERS 


397 


Minerals 


Calcium  carbonate 
and  magnesium 
carbonate  (com- 
bined)   


Iron  oxide. 


Aluminum  oxide  and 

silica 

Suspended  matter .  .  . 

Color 


Calcium  sulphate. .  .  . 
Magnesium  sulphate . 
Calcium  chloride.  .  .  . 
Magnesium  chloride. 

Sodium  sulphate 

Sodium  chloride 

Sodium  carbonate .  .  . 


Allowable  Limits  (With  Remarks) 
If  70  p.p.m.  (4  grs.  per  gallon) — or  less — lime  treatment 
required  but  alum  treatment  recommended  to  change  the 
carbonates  to  less  objectionable  calcium  sulphate  and  mag- 
nesium sulphate. 

If  total  exceeds  70  p.p.m.  (4  grs.  per  gallon) — lime  treat- 
ment must  be  used  to  prevent  objectionable  deposit.  Cal- 
cium and  magnesium  carbonates  can  be  present  in  any 
quantity — lime  treatment  will  remove  all  but  30  or  40  p.p.m. 
(1.8  or  2.4  grs.  per  gallon). 

If  more  than  0.2  p.p.m.  (0.012  gr.  per  gallon)  treatment  is 
required.  This  trace  of  iron  may  be  sufficient  to  badly 
discolor  deposits  of  calcium  and  magnesium  that  otherwise 
might  be  unobjectionable. 

Some  analyses  report  the  iron  and  aluminum  oxides 
together.  Such  analyses  are  valueless  because  iron  is  so 
objectionable  that  its  quantity  and  form  should  be  fully 
understood. 

Xot  usually  present  in  quantities  which  alone  would 
requhe  treatment. 

If  only  objectionable  impurity  in  the  water,  filtration  is 
the  only  treatment  required. 

Analyses  may  indicate  the  presence  of  color,  but  not  show 
to  what  color  is  due.  Surface  waters,  low  in  dissolved 
mineral  matter,  but  with  color,  should  be  given  expert 
individual  consideration,  as  color  may  or  may  not  be  easily 
removed. 

All  the  sulphates,  chlorides  and  the  sodium  carbonate 
have,  in  general,  the  same  effect  on  the  appearance  of  raw 
water  ice  and,  therefore,  in  this  rough  tabulation,  can  be 
grouped  together. 

Generally,  the  sodium  carbonate  can  be  considered  IJ 
times  as  objectionable  as  the  sulphates,  and  the  chlorides 
about  f  as  objectionable  as  the  sulphates.  Therefore  total 
the  sulphates  and  chlorides  separately  and  apply  the  factors: 

Total  sulphates        X  1  •  O"    = 

Total  chlorides         X  0 .  75  = 

Sodium  carbonate   X  1  •  25  = 

Sum  Total  = 

If  sum  total  is  less  than  171  p.p.m.  (10  grs.  per  gallon)  first 
quality  ice  can  be  expected  with  efficient  air  agitation  and 
average  brine  temperatures. 

If  sum  total  is  more  than  171  p.p.m.  (10  grs.  per  gallon) 
and  less  than  256  p.p.m.  (15  grs.  per  gallon) — good  ice  can 
be  expected  with  slightly  higher  than  average  brine  tem- 
peratures or  slightly  more  than  the  usual  volume  of  air  for 
agitation. 

If  sum  total  is  more  than  256  p.p.m.  (15  grs.  per  gallon) 
and  less  than  342  p.p.m.  (20  grs.  per  gallon) — merchantable 
ice  can  be  made  if  much  more  than  the  usual  volume  of  air 
per  can  per  minute  is  provided,  especially  during  the  begin- 
ning of  the  freeze  and  brine  temperatures  of  18  degrees  or 
more  are  carried. 

If  sum  total  is  more  than  342  p.p.m.  (20  grs.  per  gallon) 
and  less  than  684  p.p.m.  (40  grs.  per  gallon) — the  analysis  or 
another  .sample  of  water  should  be  submitted,  together  with 
full  details  of  operating  conditions,  for  a  complete  report  as 
to  whether  an  acceptable  quality  of  ice  can  be  made. 

If  sum  total  is  more  than  684  p.p.m.  (40  grs.  per  gallon) — 
merchantable  ice  cannot  be  expected. 
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the  poor  appearance  of  these  salts  in  the  ice,  their  presence  has  the 
effect  of  increasing  most  decidedly  the  amount  of  checking  of  the  ice, 
resulting  in  a  direct  loss  unless  there  is  a  market  for  crushed  ice. 

The  treatment  for  the  softening  of  water  is  quite  simple.  Certain 
salts  cannot  be  removed,  as,  for  example,  the  sodium  compounds,  whereas 
the  calcium  and  magnesium  salts  usually  can  be  precipitated.  The  usual 
method  is  to  use  lime  (Ca[0H]2)  or  lime  and  soda  ash  (Na2C03).  If  the 
sum  of  the  sulphates,  chlorides  and  nitrates  plus  the  sodium  carbonate 
does  not  exceed  20  grains  per  gal.  the  water  can  be  purified  for  ice 
making.  From  20  to  40  grains  it  is  doubtful,  and  over  40  grains  per 
gal.  gives  water  that  is  not  satisfactory  for  ice  making  at  all  and  may 
not  be  used  for  raw  water  ice  making. 

Up  to  12  grains  per  gallon  of  sulphates,  chlorides,  nitrates  and 
sodium  carbonates  (altogether)  the  low-pressure  air  system  will  answer. 
If  high-pressure  air  is  used  at  the  bottom  of  the  can  this  sum  may  be 
increased  to  20  grains  and  the  ice  will  look  as  well  as  12-grain  per  gallon 
water  with  low-pressure  agitation. 

With  0.02  grain  "iron  oxide"  per  gallon  removal  is  necessary  or 
color  will  appear  in  the  ice,  especially  as  the  ice  appears  to  magnify 
any  foreign  material  in  the  ice  itself.  It  has  been  found  that  sodium 
salts  particularly  require  agitation  at  the  bottom  of  the  can. 

Treating  the  water  always  decreases  the  amount  of  core  pumping 
necessary,  and  reduces  in  proportion  the  care  required  of  the  attendant 
on  the  can  floor.  The  core  becomes  more  and  more  concentrated  as 
freezing  continues.  Calcium  and  magnesium  carbonate  freeze  into  the 
ice  earlier  than  any  other  salts,  being  precipitated  because  of  the  loss  of 
the  carbon  dioxide  gas  which  held  them  in  solution  as  bicarbonates,  and 
this  is  hard  to  pump  out  unless  a  large  core  is  pumped.  These  carbonates 
if  frozen  into  the  ice  will  remain  in  the  ice  box  when  the  ice  is  melted. 

Generally  speaking,  mineral  matter  begins  to  freeze  into  the  ice 
when  the  concentration  becomes  from  55  to  60  grains  per  gallon.  Ice 
made  from  hard  water  is  not  so  firm,  hard  and  crystal-hke  as  if  the 
water  were  treated,  but  is  hkely  to  be  brittle  and  is  far  more  likely  to 
shatter.  The  presence  of  bicarbonates  results  in  small  white  specks  or 
bubbles  frozen  into  the  ice. 

Certain  water  requires  distillation,  and  water  heavy  in  sodium 
sulphate,  sodium  carbonate,  etc.,  is  likely  to  have  a  white  shell  form 
around  the  bottom  of  the  cake. 

The  treatment  with  lime  and  soda  ash  necessarily  takes  place  oold, 
under  which  conditions  the  reactions  take  place  slowly  and  incompletely. 
The  usual  method  is  to  permit  the  water  and  the  chemical  to  stand  for 
four  hours  in  the  water  softener  settling  tank.    During  the  sedimentation 
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period  the  chemicals  sink  to  the  bottom  where  they  are  drained  off  as  a 
thin  shidge,  and  the  softened  water  is  drawn  off  near  the  top  and  is 
passer!  through  a  quartz  filter  to  remove  the  free  iron,  silica  and  the  sus- 
pended dirt  and  sludge. 

The  tendency  of  the  design  of  water  softeners  is  to  give  more  time 
to  sedimentation,  about  6  to  8  hours  in  fact,  thus  securing  more  com- 
plete chemical  reaction  and  settling.  The  filter  is  being  made  larger 
and  is  figured  on  the  basis  of  a  maximum  of  3  gal.  per  sq.  ft.  per  minute 
of  cross-sectional  area,  and  12  gal.  per  min.  per  sq.  ft.  for  backwash. 
There  is  also  an  alum  coagulator  to  improve  the  filter  action,  although 
some  plants  add  the  alum  in  the  downtake  of  the  softener. 

The  muddy  appearance  of  the  ice  in  the  spring  and  autumn  may  be 
caused  by  dirty  water  or  it  may  be  by  the  intermittent  action  of  the 
filters  during  periods  of  light  loads.  The  remedy  is  to  recirculate  the 
water  and  run  at  higher  capacity. 

"Water  Softening  for  Can  Ice  Making.^ — "  The  requisites  for  first-quality  ice  are 
clearness,  firmness  and  freedom  from  discoloration.  These  qualities  are  possessed  by 
ice  made  from  dissolved  solids  and  gases,  such  as  the  reboiled  distilled  water  which 
has,  until  comparatively  recently,  been  almost  exclusively  used  in  the  artificial  ice 
industry.  Ice  frozen  from  impure  water  is  opaque,  discolored,  or  brittle,  depending 
on  the  nature  of  the  impurities. 

"Freezing  water  is,  in  many  respects,  much  like  boiling  and  evaporating  it,  in 
that  by  far  the  greatest  part  of  the  substances  dissolved  in  the  water  freeze  out  in 
the  ice  made  from  it.  The  most  effective  purification  of  raw  water  for  ice  making  is, 
therefore,  that  which  reduces  the  objectionable  impurities  in  the  water  to  a  minimum. 
It  is  now  generally  recognized  that  the  most  effective  purification  is  accomplished  by 
lime-soda  softening,  followed  by  sand  filtration. 

"In  the  process  of  the  manufacture  of  ice  from  raw  water,  cans  of  the  water  are 
surrounded  by  the  sodium  or  calcium  chloride  brine  having  a  temperature  of  12  to 
18  deg.  F.  Air  under  either  high  pressure  (15  to  25  lb.)  or  low  pressure  (3  to  5  lb.)  is 
bubbled  through  the  water  as  it  freezes,  the  high-pressure  air  being  in  general  more 
effective.  The  first  ice  formed  around  the  sides  of  the  can  is  usually  relatively  pure. 
The  dissolved  gaseous  and  solid  impurities  in  the  water  are  frozen  and  begin  to 
deposit  on  the  face  of  the  ice;  but  the  currents  of  water  set  up  by  the  air  agitation 
wash  these  impurities  off  the  surface  of  the  ice  and  carry  them  towards  the  center 
of  the  can.  The  impurities  in  the  raw  water  thus  become  concentrated  in  the 
unfrozen  water  in  the  middle  of  the  can.  If  these  impurities  are  insoluble,  their 
accumulation  in  this  unfrozen  water  usually  becomes  so  heavy  that  eventually  the 
currents  of  water  set  up  b}^  the  air  agitation  are  not  powerful  enough  to  keep  the 
particles  in  suspension.  As  a  result  these  white  or  colored  particles  are  deposited  in 
the  ice  before  the  cake  is  frozen  solid,  or  if  the  impurities  are  soluble,  as,  for  instance, 
sodium  salts,  their  concentration  may  become  so  great  that  freezing  is  materially 
retarded.  In  either  case  this  concentrated  impure  water,  or  'core  water'  as  it  is 
termed,  is  generally  removed,  usually  with  a  suction  pump,  and  is  replaced  with 
fresh  water.    The  solids  and  gases  left  in  the  core  water,  or  introduced  in  the  fresh 

°  A.  S.  Behrman.  Journal  of  Ind.  and  Eng.  Chemistry,  March,  1921. 
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water  replacing  it,  appear  as  white  or  colored  deposits,  and  as  air  needles  in  the  core 
of  the  ice  when  the  cake  is  frozen  solid. 

"The  most  common,  and  at  the  same  time  the  most  undesirable  class  of  calcium 
and  magnesium  compounds  are  those  causing  temporary  hardness — that  is,  the  bicar- 
bonates.  Just  as  heating  a  water  of  this  nature  causes  precipitation  of  the  normal 
carbonates,  so  will  freezing  it  drive  off  the  loosely  held  '  half -bound '  carbon  dioxide 
and  cause  a  precipitation  in  the  ice  of  the  normal  carbonates,  and  possibly  of  mag- 
nesium hydrate.  With  air  agitation  these  precipitated  compounds  will  be  carried 
more  or  less  completely  to  the  center  of  the  can.  Here  they  will  accumulate  until 
it  becomes  necessary  to  pump  out  the  heavily  laden  water  and  replace  it  with  fresh 
water.  Frequently  this  accumulation  takes  place  so  rapidly  that  two,  and  sometimes 
even  three,  core  pumpings  are  required.  Even  with  good  air  agitation,  however,  the 
removal  of  the  precipitated  compounds  to  the  middle  of  the  can  is  often  not  com- 
plete, and  milky  white  dots,  bubbles  and  patches  are  found  distributed  throughout 
the  clear  portion  of  the  ice.  Frequently  also  a  white  opaque  shell  of  the  precipitated 
carbonates  will  be  found  around  the  lower  portion  of  the  cake,  where  freezing  is  most 
rapid,  ^\^len  ice  containing  the  precipitated  carbonates  melts  it  leaves  this  objec- 
tionable sediment. 

"Softening  with  lime  removes  the  bicarbonates  effectively  and  cheaply,  and 
leaves  in  the  treated  water  no  products  of  the  reaction  bej-ond  the  2.5  to  4  grains 
per  gallon  of  calcium  carbonate  and  magnesium  hj-drate  generally  considered  the 
limit  of  the  lime  reaction  in  the  cold. 

"The  removal  of  permanent  hardness  is  far  less  important  for  ice  making  than  of 
temporarjr  hardness.  Investigations  now  under  way  indicate  that  in  a  great  many 
cases,  possibly  all  permanent  hardness  need  not  be  removed,  provided  that  the 
magnesium  which  always  tends  to  make  white  ice  is  removed  from  such  compounds 
and  is  replaced  with  calcium.  This  is  accomplished  of  course  in  the  treatment  with 
lime.  The  calcium  sulphate  and  chloride  left  in  the  water  as  a  result  of  the  lime 
treatment  appear  to  be  no  more  detrimental — and  in  some  cases  even  less  so — than 
the  sodium  salts  which  would  result  in  the  removal  of  the  permanent  hardness  with 
soda  ash.  In  practically  every  case  ice  made  from  the  plain  lime  treatment  is  equally 
as  good  as  or  better  than  when  soda  is  used.  In  addition,  sedimentation  in  the  softening 
tanks  is  more  complete,  thereby  reducing  the  load  on  the  filters.  Further,  when  soda 
ash  is  used  the  carbonate  ions  in  the  treated  water  are  lessened  and  as  the  ice  freezes 
a  much  greater  concentration  in  the  unfrozen  water  is  required  before  the  ion-product 
constant  is  exceeded.  As  a  result  the  unfrozen  water  remains  clear  much  longer, 
and  free  from  particles  of  the  precipitated  carbonate  that  would  tend  to  deposit  on 
the  ice,  consequenth-  core  pumping  can  be  delayed,  a  less  amount  of  water  can  be 
used  and  the  refrigeration  thus  otherwise  wasted,  can  be  saved. 

"  As  little  as  0.2  parts  per  million  of  iron  may  cause  'red  ice,'  that  is  ice  colored 
reddish  brown,  principally  in  the  core.  Silica  and  alumina  are  deposited  in  the 
core  of  the  ice  cake,  imparting  a  muddy  appearance  to  it,  and  when  this  ice  melts 
there  remains  a  slimy  sediment.  Organic  matter  is  frequently  found  in  objectionable 
quantity  in  surface  waters,  particularly  in  warm  weather.  It  usually  colors  the 
core  of  the  ice  a  muddy  or  bright  yellow,  which  is  sometimes  so  objectionable  that 
the  ice  is  saleable  with  difficulty  although  it  is  of  good  quality  in  other  respects. 
Lime-soda  softening  of  the  raw  water  followed  with  sand  filtration  aided  by  the  use 
of  a  coagulant  effectively  removes  the  iron,  reduces  the  silica  and  the  alumina 
usually  by  from  one  half  to  three  quarters  and  greatly  lessens  the  amount  of  objec- 
tionable organic  matter.     Sometimes  bleaching  powder  can  be  used  to  advantage 
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to  remove  organic  matter.  The  chief  objection  to  sodium  salts  (and  potassium)  is 
that  they  accumulate  in  the  core  water  and  retard  freezing  and  are  finally  deposited 
as  white  solids  in  the  ice.  If  a  considerable  amount  of  sodium  salts  is  present  the 
lengthening  of  the  freezing  period  may  be  so  serious  as  to  require  several  core  pump- 
ings  and  refillings  with  fresh  water.  In  addition  to  this  general  objection  certain 
sodium  compounds  have  specific  undesirable  results.  Sodium  bicarbonate  in  con- 
siderable amount  tends  to  cause  brittleness  and  cracking.  Large  quantities  of 
sodium  sulphate  tend  towards  the  formation  of  a  white  shell  on  the  outside  of  the 
cake,  giving  the  whole  cake  the  appearance  of  marble  even  though  the  interior 
portion  is  quite  clear.  Treatment  with  lime  converts  the  bicarbonate  of  soda  to 
the  normal  carbonate  and  decreases  somewhat  the  tendency  towards  brittleness. 
Softening  has  no  other  beneficial  effects,  as  the  only  way  to  remove  sodium  salts  is 
to  apply  distillation. 

'*  Checking  and  Cracking. — There  is  a  tendency  in  ice  making  for  the  ice  to 
crack  and  shatter,  especially  when  a  low  temperature  brine  is  used,  and  the  only 
explanation  that  can  be  offered  is  that  the  ice  is  frozen  under  some  internal  strain. 
It  is  quite  possible  that  the  presence  of  bicarbonates  is  chiefly  responsible  for  this 
strain.  During  the  freezing  process,  while  the  half-bound  carbon  dioxide  is  trying 
to  escape,  the  ice  continues  to  crystallize,  entrapping  bubbles  of  gas  and  particles  of 
the  precipitated  compound  which  are  readily  visible.  The  ice  thus  formed  is  com- 
parable to  a  metal  casting  full  of  blow  holes  and  impurities  and  is  in  consequence 
inherently  weak  and  brittle. 

"  Some  weight  is  given  this  hypothesis  by  the  general  experience  that  removing 
the  bicarbonates  of  calcium  and  magnesium  from  the  water  by  treatment  with  lime 
results  in  the  production  of  much  clearer  and  firmer  ice,  and  frequently  permits  the 
use  of  lower  brine  temperatures.  Further  in  a  recent  series  of  experiments  ice  was 
frozen  from  water  to  which  had  been  added  varying  amounts  of  sodium  bicarbonate. 
In  all  cases  except  the  lowest  concentration  (10  grains  per  gallon)  the  ice  formed 
was  quite  brittle,  cracked  readily,  and  showed  evidence  of  a  bubbly  structure. 
Analysis  of  the  melted  core  ice  showed  the  conversion  of  the  bicarbonates  to  the 
normal  carbonate  in  all  cases  to  the  extent  that  the  normal  carbonate  alkalinity 
averaged  35  per  cent  of  the  bicarbonate  alkalinity. 

"  Finally  the  question  arises  as  to  the  limiting  quantities  of  the  various  impurities 
that  a  raw  water  can  carry,  and  still  make  first  class  ice.  This  is  not  known  in  all 
cases.  Obviously  in  the  cases  of  the  bicarbonates  of  calcium  magnesium  and  iron, 
the  limiting  concentrations  are  their  owti  solubilities,  since  softening  with  lime 
leaves  the  same  residual  content  regardless  of  the  original  concentration.  It  is  also 
probable  that  the  permissible  maximum  of  silica  and  alumina  is  not  exceeded  in 
natural  waters  if  treated  with  lime. 

"  With  regard  to  sodium  salts,  and  to  calcium  sulphate  and  chloride,  investiga- 
tions tend  to  indicate  that  when  the  total  soluble  salt  content  of  a  raw  water  exceeds 
30  to  40  grains  per  gallon  exclusive  of  the  temporary  hardness,  first  quality  raw  water 
ice  cannot  be  made  even  with  water  softening  high-pressure  air  agitation." 

Checking  and  Cracking  of  Ice. — The  advent  of  raw  water  ice  making 
has  brought  many  problems,  and  one  of  these  is  that  of  cracking  and 
checking  of  the  ice  cake  during  freezing,  or  during  the  pulling  period 
or  even  up  to  the  period  of  storing  in  the  daily  ice  storage  room.    The 
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causes  of  checking  are  many,  and  a  few  of  the  principal  ones  will  be  given 
in  the  following :  ^'^ 

1.  Poor  brine  circulation  in  the  brine  tank. 

2.  Allowing  the  cans  to  temper  while  standing  in  draughts  of  warm 

fresh  air,  especially  if  the  sprinkler  system  is  used,  though 
tempering  will  be  found  to  be  good  for  the  ice  in  some  cases 
if  the  cake  is  not  subject  to  draughts. 

3.  Filling  the  cans  with  water  that  is  too  warm. 

4.  Rough  handling  of  cans  by  tank  men  during  core  sucking,  hoist- 

ing and  dumping. 

5.  Lowering  cans  into  the  thawing  tank  too  suddenly,  or  using  a 

thawing  water  of  too  high  a  temperature. 

6.  Leaky  cans. 

7.  Too  low  a  brine  temperature  (approximately  44  hr.  is  the  correct 

freezing  time  for  300  lb.  cans). 

8.  Presence  of  bulged  cans. 

9.  Brine  level  below  the  level  of  the  water  in  the  cans. 

10.  Dissolved  calcium  carbonate  in  the  water  to  be  frozen,  especially 
when  calcium  sulphate  and  sodium  sulphate  are  present. 

From  the  preceding  list  it  is  clear  that  the  causes  of  checking  are  not 
clear  and  definite,  and  therefore  the  correction  of  this  trouble  is  one  of 
the  most  difficult  of  any  that  the  refrigerating  engineer  may  be  called 
upon  to  solve.  However,  it  is  positive  that  rough  handling,  dropping  of 
the  core  sucking  rod  into  the  ice  cavity  and  pounding  and  pumping  of 
the  cans  are  very  bad  for  the  production  of  sound  ice.  Sometimes  the 
lowering  of  the  cans  quickly  into  comparatively  hot  water  is  better  than 
to  do  it  slowly  in  cold  water,  and  again,  in  other  cases,  the  use  of  60  deg. 
F.  water  in  the  dip  tank  and  a  lowering  rate  of  the  can  such  as  would 
require  7|  minutes  to  submerge  the  can  has  been  found  best.  The  old 
form  of  sprinkler  device  at  the  dump  is  thought  to  be  more  likely  to 
cause  checking  than  the  dip  tank,  whereas  the  use  of  air  agitation  of  the 
dip  tank  is  considered  to  give  better  results  than  the  tank  without 
agitation.  The  accepted  reason  for  can  ice  cracking  is  because  of  freezing 
stresses  due  to  the  expansion  and  contraction  of  the  water  and  ice  during 
the  freezing  process.  Some  ice  is  cracked  before  it  is  removed  from  the 
cans. 

Piping. — The  method  of  cooling  brine  in  the  ice  tank  for  a  long  time 
has  been  to  use  direct  expansion  piping  in  the  brine  tank  (Fig.  263). 

^  E.  S.  Ormsby,  National  Association  of  Practical  Refrigerating  Engineers,  1923. 
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These  pipes  are  arranged  to  run  the  long  dimension  of  the  tank,  and  are 
placed  in  stands  between  the  individual  ice  cans,  thereby  permitting 


close  proximity  between  the  cans  and  the  heat  absorbing  medium. 
These  pipe  coils  (usually  l^-in.  pipe)  with  the  old  system  of  operation 
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were  not  found  to  be  very  effective  because  they  had  to  be  so  operated 
as  to  prevent  Uquid  returning  to  the  compressor,  and  the  flooded  system 
has  entirely  superseded  it.  The  flooded  system  (shown  in  Fig.  264)  is 
not  a  device  for  securing  more  refrigeration  per  pound  of  ammonia  but 
only  for  providing  efficient  heat  transfer  in  the  evaporating  surfaces. 
Piping  which  was  originally  calculated  for  12.5  or  15  B.t.u.  for  the 
value  of  the  coefficient  of  heat  transfer  can  transmit  twice  that  amount 
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Fig.  264. — The  Accumulator  and  Piping  in  Ice  Tank. 


with  the  flooded  system  with  ihe  same  amount  of  agitation.  As  piping 
has  been  considered  to  be  the  cheapest  part  of  the  plant  it  has  been  the 
custom  to  specify  250  to  300  linear  ft.  of  1  j-in.  pipe  per  ton  of  ice  making. 
For  a  100-ton  ice  plant  there  would  be  required  under  these  circum- 
stances from  5  to  6  miles  of  pipe  which  must  be  made  very  tight  unless 
a  loss  of  ammonia  from  the  system  and  the  formation  of  ammonia 
chloride  is  not  to  be  faced  during  the  ice  making  season  without  any 
means  of  repair  except  a  complete  shut-down  and  the  removal  of  the 
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brine  from  the  tank.    In  the  old  ice  tank  designs  the  process  of  filling 
and  replacing  the  cans  was  very  likely  to  injure  the  piping. 

The  alternative  arrangement,  which  is  becoming  popular  in  certain 
sections,  is  to  use  the  shell  and  tube  brine  cooler,  submerged  in  the  brine, 
and  arranged  for  a  single  pass  of  the  brine.  The  ammonia,  instead  of 
boiling  out  of  a  1500-ft.  length  of  pipe,  has  a  distance  of  8  to  10  ft.  to 
travel  from  the  expansion  valve  to  the  beginning  of  the  suction  return 
line  to  the  compressor  (Fig.  171).     The  objections  to  the  use  of  the 

shell  and   tube  brine 
I  O        I  cooler   have    been    a 

fear  that  the  cooler 
could  not  be  made 
tight,  especially  where 
the  tubes  were  ex- 
panded into  the  tube 
sheet,  and  that  as  the 
cooling  surfaces  were 
only  at  one  end  (or 
both  ends)  of  the  tank, 
the  brine  temperature 
would  be  non-uniform 
in  the  tank.  There  is 
also  a  feehng  that  the 
resistance  to  the  flow 
of  the  brine  through 
the  cooler  is  too  great, 
requiring  thereby  too 
much  expenditure  of 
power  to  provide  cir- 
culation of  the  brine 
around  the  tank  and 
the  cans.  Apparently  some  of  these  fears  are  not  justified  as  a  brine  tem- 
perature variation  of  not  more  than  §  deg.  F.  is  usually  found  if  good 
agitation  is  provided,  and  at  the  present  time  there  seems  to  be  no 
difficulty  in  being  able'to  make  both  brine  coolers  and  condensers  of  the 
shell  and  tube  construction  and  to  keep  the  tubes  tight  in  the  tube 
sheet  by  the  simple  expedient  of  expanding  into  the  sheet.  The  shell 
and  tube  cooler  for  this  work  is  shown  in  Fig.  172,  which  is  designed 
for  a  single  pass.  The  usual  velocity  of  the  brine  in  the  tubes  is  400  ft. 
per  min.,  and  the  coefficient  of  heat  transfer  under  these  conditions  is 
90  B.t.u.  per  hour.  The  objection  that  valuable  space  will  be  taken  up 
by  the  cooler  is  answered  in  a  way  by  the  statement  that  as  the  piping 


Fig.  265.— Core  Sucker. 
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is  not  placed  between  the  cans,  these  can  be  placed  on  closer  centers. 
This  is  especially  true  in  the  case  of  cans  in  baskets  which  permit  a 
lighter  tank  frame  construction.  The  shell  brine  cooler  lends  itself  to 
the  flooded  operation,  and  by  means  of  the  separator  and  drain  (Fig. 
170)  back  to  the  cooler  the  danger  due  to  a  "  slop  over  "  to  the  com- 
pressor is  removed. 

Precooling  Water  for  the  Cans. — If  the  water  goes  to  the  cans  at 
70  deg.  F.,  then  38  B.t.u.  must  be  removed  per  pound  before 
freezing  can  begin,  and  this  action  of  cooling  can  be  performed  more 
advantageously  in  some  other  device,  as,  for  example,  in  a  special  water 
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Fig.  266. — The  Arctic-Pownall  System. 


cooler.  It  should  be  kept  in  mind,  however,  that  the  use  of  a  water  cooler 
may  not  give  good  results  unless  operating  care  is  observed.  It  is  easy 
to  lose  all  the  advantage  of  precooling.  Tests  indicate  that  the  water  in 
the  cans,  if  these  are  filled  at  70  deg.  F.,  can  be  lowered  to  32  degrees 
in  about  15  to  20  minutes.  In  the  Arctic-Pownall  process  (Fig.  266) 
the  precooling  tank  is  carefully  insulated  and  only  slight  loss  will  be 
occasioned  on  account  of  heat  leakage  from  the  air  to  the  water. 

Freezing  Processes. — A  number  of  designs  used  in  the  manufacture 
of  ice  a  few  years  ago  are  spoken  of  but  rarely  now.  The  Hume  froze 
a  cake  of  four  times  the  usual  size  (22  in.  by  44  in.)  which  was  sawed 
into  standard  sized  cakes  so  as  best  to  eliminate  the  core.  Core  sucking 
and  the  filhng  of  the  cavity  with  distilled  water  was  spoken  of  as  the 
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Ulrich  process.  The  Bishop  process,  a  modification  of  the  plate  in  order 
to  fit  the  conditions  of  the  can  system,  was  arranged  so  that  the  water 
entered  the  (;an  at  the  bottom  and  overflowed  at  the  top.  As  the  can  was 
kept  cool  in  the  usual  manner  with  brine,  freezing  took  place  from  all 
four  sides  and  a  fairly  clear  cake  of  ice  resulted.  The  can  was  arranged 
so  as  to  be  stationary  and  the  ice  had  to  be  loosened  in  the  can  by  cir- 
culating warm  brine  and  the  cakes  lifted  by  means  of  hooks  frozen  into 
the  ice  for  that  purpose.  The  Quick-freeze  system  attempted  to  cut 
down  the  time  of  freezing  by  the  use  of  a  special  pipe  arrangement 
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Fig.  267. — The  Arctic-Pownall  System, 


projecting  upward  from  the  bottom  of  the  can  and  designed  to  circulate 
brine.  As  heat  was  absorbed  by  each  pipe  as  well  as  by  the  usual  process, 
the  time  of  freezing  of  a  standard  cake  of  ice  would  be  reduced.  In  the 
plate  system  there  was  the  Hill-Ray  method,  the  only  apparent  advantage 
of  which  was  an  arrangement  of  wedges  by  which  the  size  of  the  cake  was 
reduced  and  the  amount  of  sawing  diminished  in  proportion.  The 
Center-Freeze  method  froze  the  cake  from  two  sides  at  the  same  time, 
the  pipes  being  spaced  about  5  to  6  in.  apart,  and  it  was  claimed  that 
a  reduced  time  of  freezing  was  accomplished.  The  finished  cake  would 
of  course  have  holes  in  it  where  the  pipes  had  been  during  freezing. 
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The  H olden  Regulation  system  is  still  spoken  of  as  a  present-day  pos- 
sibilit^^  In  this  a  hollow  drum,  kept  cold  by  the  use  of  brine,  or  direct 
expansion,  is  made  to  revolve  with  its  surface  in  contact  with  a  trough 
of  water  (see  Lard  Coohng,  Chapter  XIV).  The  ice  film  is  scraped  off 
and  the  snow  is  compressed  hydrauhcally  to  the  size  of  cake  desired. 
This  method  is  very  nearly  ideal,  the  cost  per  ton  is  low,  and  the  process 
is  continuous.  Unfortunately  there  is  no  known  means  of  producing 
thereby  a  crystal  cake,  and  this  method  has  not  been  used  commercially 
for  years.  Finally,  there  is  the  Jewell  process,  a  modification  of  which 
(the  Arctic-Pownall)  is  a  most  successful  present-day  design. 

The  Jewell  process  uses  a  double-walled  can  which  is  stationary. 
The  space  between  the  two  walls  is  filled  with  brine,  the  brine  entering 
at  the  top  and  leaving  at  the  bottom.  The  bottom  of  the  can  is  insulated 
and  contains  the  air  connections  for  agitation.  The  Arctic-Pownall 
arrangement  is  shown  in  Figs.  266  to  268.  The  brine  is  cooled  by  means 
of  shell  and  tube  brine  coolers,  and  the  agitation  is  vigorous.  The  ice 
tank  needs  to  be  open  at  the  bottom,  and  is  supported  on  I  beams,  as 
shown.  The  filhng  of  the  cans,  dropping,  and  the  refilling  of  the  cores 
are  performed  by  the  means  of  piping  connected  to  the  can  flanges.  A 
number  of  300-  or  400-lb.  cans — from  28  to  84 — are  connected  so  as  to 
form  an  ice  tank.  These  cans  are  all  interconnected  so  that  can  filling, 
core  dropping,  etc.,  can  take  place  in  unison  by  the  operation  of  one 
valve.  By  this  method  all  cans  are  filled  at  the  same  level  which  can 
be  adjusted,  and  the  water  for  can  fiUing  can  be  stored  in  a  tank  to  the 
correct  amount  (previously  cooled  if  desired). 

The  usual  method  of  operation  is  as  follows:  The  plant  is  made  up 
of  a  number  of  tanks  all  of  similar  construction.  The  water  for  the 
cans  of  one  of  these  tanks  has  been  precooled  by  an  arrangement  shown 
in  Fig.  268,  and  by  the  operation  of  one  valve  the  tank  is  emptied  and 
the  cans  in  one  of  the  tanks  are  filled.  The  air  agitation  is  started  in 
all  the  cans  of  the  tank  by  the  opening  of  one  valve  and  the  brine  is 
circulated  about  the  cans  by  the  operation  of  two  quick-acting  valves. 
The  advantages  of  this  system  are  in  the  much  reduced  labor  costs,  as 
one  man  is  claimed  to  be  able  to  pull  at  the  rate  of  175  tons  per  24  hours, 
no  mechanical  injury  to  the  cans,  no  brine  on  the  covers  of  the  tank, 
economy  in  the  use  of  brine  in  the  precooling  of  the  water  for  the  cans 
and  by  the  use  of  this  heated  brine  for  the  thawing  of  the  ice  out  of  the 
cans,  the  use  of  low-pressure  air  for  agitation  entirely  and  no  chance  of 
white  (marble)  ice  due  to  shut-downs  of  power.  The  first  cost  is  con- 
siderably greater  (10  to  15  per  cent)  than  the  usual  medium-pressure 
air  can  system,  and  the  design  calls  for  vigorous  brine  agitation.  How- 
ever, it  is  possible  to  operate  with  less  loss  of  refrigeration,  with  less  wear 
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Fig.  268.— Water  Cooler  and  Tank. 
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and  tear  on  the  equipment,  and  with  less  labor  on  the  tank  room  floor 
with  this  system  than  with  any  other. 

The  Design  of  an  Ice  Making  Plant. — Ice  plant  design  is  different  in 
various  parts  of  the  United  States  and  even  in  different  parts  of  the  same 
city.  In  order  that  design  details  may  be  emphasized,  some  material 
already  treated  in  this  chapter  will  be  repeated  as  far  as  it  affects  the 
matter  of  design. 

TABLE  91 
Freezing  Tank  Framework  and  Covers  for  Standard  Cans 


Can  Dimensions 
Measured  at  Top, 
Inches 

Framework  Dimensions, 

Covers,  Weight  per 

Weight  of 
Cake  of 

Inches,  Center  to  Center 

Can,  Pounds 

Ice, 

Pounds 

Width 

Length 

Width 

Length 

Distilled 
or  opaque 

Raw 
water 

25 

4 

9 

7 

11 

28 

28 

50 

5 

12 

8 

14 

30 

30 

60 

5 

14 

8 

16 

30 

30 

100 

8 

16 

11 

18 

32 

32 

200 

lU 

22^ 

14^ 

24i 

36 

36 

300 

IH 

22  i 

Uh 

24  i 

36 

36 

400 

m 

221 

Uh 

241 

36 

36 

Note. — Covers  and  frames  are  made  of  finished  lumber.  Covers  are  made  of 
two  thicknesses  of  Ij-in.  material  screwed  together  with  wood  screws  and  have 
recessed  opening  with  pin  for  lifting  hook.  Unless  otherwise  specified  material  will 
be  oak  for  all  standard  equipment. 


The  present  tendency  is  towards  the  reduction  of  the  cost  of  labor  to 
the  minimum.  This  means  the  use  in  the  larger  plants  of  the  400-lb. 
cans  instead  of  the  300-lb.  cans,  as  the  time  of  freezing  is  the  same  for 
both,  and — with  the  exception  of  certain  patented  tank  designs — of  the 
use  of  medium  or  high-pressure  air  agitation.  In  fact,  it  has  been  pointed 
out  that  certain  raw  waters  heavy  in  certain  salts  cannot  make  the  best 
ice  with  low-pressure  air  agitation. 

The  tendency  of  the  times  is  also  for  the  lifting  of  gangs  of  ice  cans 
at  a  time,  say  from  five  to  eighteen  or  more,  though  the  general  practice 
is  not  more  than  six.  The  advantage  of  lifting  more  than  two  cans  at  a 
time  depends  on  local  conditions,  and  the  entire  subject  is  one  for  careful 
analsysis  if  the  most  economical  arrangement  is  to  be  made.    The  heavy 
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agitation  is  for  the  purpose  of  increasing  the  coefficient  of  heat  transfer 
of  the  pipes  in  the  tank  from  20  B.t.u.  (for  flooded  operation)  per  square 
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foot  per  one  degree  difference  per  hour  (the  value  k)  to  25  or  possibly 
to  30.  The  particular  gain  here  is  to  permit  the  amount  of  piping  in  the 
tank  to  be  reduced,  and  also  to  reduce  the  time  of  freezing  of  the  watei: 
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in  the  cans,  although  the  empirical  formula  for  the  time  of  freezing 
has  no  term  to  denote  the  effect  of  agitation  on  the  freezing  time. 
The  latest  practice  is  to  raise  the  evaporating  or  suction  pressure  as  high 
as  possible,  say,  from  22  to  25  lb.  gage.  This  means  a  high  boihng 
temperature  of  the  ammonia  and  in  consequence  greater  capacity  for  the 
compressor  and  less  cost  in  horse  power  per  ton  of  refrigeration,  but  this 
of  course  increases  the  auxiliary  horse  power.  The  relation  of  number 
of  cans,  brine  temperature  and  pipe  surface  is  well  shown  in  Fig.  269 
and  Table  92. 

The  matter  of  the  calculation  of  an  ice  plant  problem  may,  then,  be 
different  in  certain  details,  but  the  manner  of  the  calculation  can  be 
shown  clearly  by  the  problem,  the  details  of  which  would  need  to  be 
carefully  decided  for  the  individual  case  by  an  analysis  of  the  costs,  by 
a  consideration  of  the  power  and  labor  items,  as  follows:  The  ice 
plant  is  to  be  a  100-ton  raw  water  can  ice  plant,  for  24-lb.  suction  and 
154.5-lb.  condenser  pressure,  using  70  deg.  F.  water  to  the  cans  and 
16  deg.  brine.  The  outside  air  temperature  is  90  degrees,  and  the 
temperature  of  the  earth  is  50  deg.  F.  Use  high  pressure  air  agitation, 
30  lb,  at  the  compressor  and  15  lb.  at  the  cans.  Two  dehumidifiers, 
brine  cooled,  to  cool  200  cu.  ft.  of  free  air  from  90  to  20  deg.  F.  per 
minute. 

Two  tanks^°  of  |-in.  steel  will  be  used,  5  ft.  1  in.  high,  each  to  hold 
600  400-lb.  cans  58  in.  high.  Each  tank  will  have  the  one  accumulator 
and  two  12-in.  brine  agitators — using  5  hp.  each — with  motors  direct 
connected  to  vertical  shafts.  Can  centers  are  to  be  2  ft.  |  in.  by  14 j  in., 
and  the  tanks  are  to  be  insulated  with  12  in.  of  granulated  cork  on  the 
sides  and  with  5  in.  of  cork  board  on  the  bottom.  Lift  five  cans  at  a 
time,  and  use  Ij-in.  full  weight  pipe. 

1st.  To  Find  the  Heat  Removed  per  Pound  of  Ice  Placed  in  Daily 
Storage. 

To  cool  the  water  from  70  to  32  deg.  F.  per  1  lb.  of  ice 38 . 0  B.t.u. 

To  freeze  the  water  per  1  lb.  of  ice 144.0 

To  cool  the  ice  from  32  to  16  deg.  (spec,  heat  of  ice  =  0 . 5)       8.0 

Total 190.0  B.t.u. 

Add  10  per  cent  for  non-computable  losses 19.0 

Heat  leakage  through  the  insulation  (calculated  as  in  the  problem  on  cold  storage)  ^  ^ 
Sides,  12-in  granulated  cork,  2-1  in.  and  g.  cypress. 

U  = =  0.0231. 

1         2  12 

1 [- 

1.4       1       0.296 

1"  These  details  follow  standard  practice.  "  See  Chapter  XIV. 
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Bottom,  5-in.  corkboard,  9-in.  concrete. 

U  = —  =  0.0558. 

5  _9_ 

0.308       5~3 

Heat  leakage:  Sides       1187  X  0.0231  X  (90  -  16)  =  2030  B.t.u. 
Bottom  3420  X  0.0558  X  (50  -  16)  =  6490      " 

Total  =  8520  B.t.u. 

4260  X  24 

=  4260  B.t.u.  per  hour  per  tank  of  =  — — —  =  1.02  B.t.u.  per  lb.  of  ice. 

2000  X  50 

The  air  for  agitation  is  cooled  after  compression  first  by  water  and 
then  by  brine  (using  two  tanks  with  a  four-way  valve  for  alternate 
change  of  direction  of  flow).  The  brine  in  refrigerating  the  air  adds  a 
certain  amount  to  the  load  on  the  compressor,  as,  for  example,  the  heat 
removed  from  each  pound  of  the  air  may  be  considered  as  35.0  B.t.u., 
and  the  specific  volume  of  the  air  as  14.2  cu.  ft.     Then 

r-j-^  X  35.0  =  493  B.t.u.  per  minute, 

or,  in  terms  of  the  ice  made, 

493  X  60  X  24 


100  X  2000 


=  3.56  B.t.u.  per  lb. 


The  agitation  of  the  brine,  as  alread}^  stated,  assists  in  the  heat 
transfer,  and  keeps  the  brine  temperature  constant.  Agitation  always 
tends  to  heat  up  the  brine,  and  it  is  usual  to  figure  that  the  entire  heat 
equivalent  of  the  pump  horse  power  is  converted  into  heat  and  gas  to 
be  neutralized  (refrigerated)  by  the  action  of  the  compressor.  In  this 
case  the  amount  becomes 

20  X  42.4  X  60  X  24       .  ,  ^  , 

100  X  2000 =  ^-^  ^•^•"-  P"'^^'-  ''^- 

The  total  refrigeration  per  one  pound  of  ice  made  is  then 

209  +  1 .  02  +  3 .  56  +  6 . 1  =  219 . 7  B.t.u. 

In  round  numbers  the  value  220/144  =  1 .  53  is  the  ratio  of  the  number 
of  tons  of  refrigeration  capacity  required  per  ton  of  ice  made  according 
to  the  calculation.  The  value  generally  used  is  1.6,  although  some 
engineers  go  to  the  extreme  by  the  use  of  the  ratio  2.0,  but  such  a 
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to  consider  first  the  mechanical  efficiency  of  the  equipment;  second, 
the  cost  of  the  investment;  and  third,  the  plant  operation.  Medium- 
sized  plants  have  produced  ice  at  the  rate  of  37  to  38  kw.-hrs.  per  ton 
of  ice  as  the  yearly  average  with  a  load  factor  of  60  to  70  per  cent,  but 
the  cost  of  power  is  onl}^  one  of  a  number  of  costs.  In  all  likehhood  it 
is  possible  that  with  good  agitation  and  with  the  flooded  sj^stem  (which 
makes  it  possible  to  decrease  the  amount  of  gas  in  the  evaporating  sys- 
tem, and  by  having  a  heavy  feed  with  some  liquid  in  the  coils  for  the 
entire  length  of  the  direct  expansion  piping)  a  value  of  30  or  more  can 
be  obtained  for  k,  ^-  but  a  design  of  this  sort  requires  more  care  in  the 
operation  than  does  the  ordinary  plant. 

Selecting  the  Compressor  and  the  Compressor  Drive.  ^-^ — Selecting 
the  compressor  and  the  compressor  drive  has  become  a  difficult  problem 
in  these  days,  with  the  many  types  and  designs  which  prevail.  However, 
there  are  a  few  points  of  particular  prominence  which  are  worth  men- 
tioning. It  is  a  mistake  to  consider  that  clearance  in  an  ammonia 
cylinder  means  an  appreciable  loss  of  economy.  Clearance  affects  the 
capacity  of  a  compressor,  but  it  has  not  been  proved  that  it  increases 
the  horse  power  per  ton  of  refrigeration  to  any  great  extent  except  for 
the  friction  of  the  machine  which  remains  nearly  constant  though  it  is 
relatively  larger  at  small  than  at  full  loads,  per  ton  of  refrigeration. 

The  space  allotted  to  the  compressor  frequently  decides  the  type  of 
compressor.  The  principle  of  the  design  makes  one  feel  that  the  vertical 
single-acting  compressor  using  the  suction  valve  in  the  piston  is  the 
correct  design  in  order  to  reduce  the  superheating  of  the  suction  gas  by 
the  cylinder  walls  to  a  minimum,  but  this  is  also  true  of  the  horizontal 
double-single-acting  design.  In  each  case  there  is  a  uniflow  principle  of 
gas  flow.  The  factor  0.86  for  the  volumetric  efficiency  is  a  term 
to  allow  for  this,  although  the  figure  mentioned  may  be  a  little  low  for 
the  vertical  single-acting  compressor.  However,  one  is  led  to  beheve  that 
the  semi-enclosed  type  of  vertical  compressor  is  becoming  much  less 
popular  than,  say,  10  years  ago.  It  has  a  reciprocating  rod  type  of 
stuffing-box  which  is  much  more  difficult  to  keep  tight  than  the  rotary 
type  used  in  the  enclosed  compressors  and  is  likely  to  have  more  friction 
in  the  stuffing-box.  In  Great  Britain  the  semi-enclosed  type  is  not  used 
at  all,  and  the  modern  type  of  horizontal  compressor  has  not  been  built 
until  recently,  while  the  three-  and  four-cylinder  enclosed  machine  is  very 
popular  and  uses  forced  lubrication  throughout.  In  the  United  States 
every  manufacturer  has  a  design  of  a  small  compressor  of  the  vertical 

1^  Thomas  Shipley,  National  Association  of  Practical  Refrigerating  Engineers, 
1926. 

!=>  See  Chapters  II  and  XIX. 
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single-acting  type,  but  the  majority  have  horizontal  compressors  only 
for  the  larger  sizes.  The  York  Manufacturing  Company  has  developed 
an  enclosed  compressor  of  large  capacities,  using  three  cylinders,  and 
going  up  from  300  to  400  tons  of  refrigeration  capacity. 

As  regards  the  drive,  for  electric-driven  compressors^^  requiring 
75  hp.  and  over,  a  synchronous  motor  generally  should  be  used  with 
direct  connection  to  the  shaft.  The  gain  is  in  a  greater  overall  efficiency 
as  there  are  no  belt  or  other  transmission  losses  which  in  other  cases 
usually  amount  to  from  6  to  8  per  cent.  This  type  of  motor  is  par- 
ticularly good  because  of  its  ability  to  improve  the  power  factor  of  the 
circuit  as  the  motor  may  be  made  to  operate  as  a  synchronous  con- 
denser. The  disadvantage,  which  is  true  also  of  the  squirrel-cage  induc- 
tion and  other  types  of  motors,  is  the  impossibihty  of  varying  the  speed 
of  the  compressor.  Variation  of  the  capacity  can  then  be  obtained  only 
by  the  judicious  use  of  clearance  pockets,  a  device  which  has  become 
quite  usual.  If  a  steam  engine  is  used,  the  uniflow  engine  is  the  most 
popular  because  of  the  flat  water  rate  curve  and  the  low  steam  consump- 
tion per  horse  power  hour.  If  the  oil  engine  is  decided  on  there  are  a 
number  of  types  to  choose  from.  In  any  case  the  power  delivered  to 
the  shaft  should  be  (see  Fig.  31  for  24-lb.  suction  and  154.5-lb.  con- 
denser pressures)  1.10  hp.  per  ton  of  refrigeration.  ^^'^  Each  of  the 
two  compressors  will  have  a  capacity  of  76 . 6  X  1 . 1  =  84 . 3  hp.  at 
the  shaft.     The  piston  displacement  may  be  found  from  the  same  set 

1*  See  Chapter  XXIII. 

1^^  The  capacity  and  the  horse  power  per  ton  (of  refrigeration)  can  be  calculated 
as  follows,  for  24.0  lb.  gage  suction  and  154.5  lb.  gage  condenser  pressures: 

i"2Ub.  g.  -  t'sedeg.  F.  =  614.9  -  138.9  =  476  B.t.u. 

=  net  refrigeration  per  1  lb.  liquid  ammonia. 

Theoretical  volume  boiled  off  per  ton  of  refrigeration  per  minute  =  X  7.28 

476.0 

=  3.06  cu.  ft.,  and  with  a  volumetric  efficiency  of  0.86  the  piston  displacement  per 

ton  per  minute  becomes  3.06/0.86  =3.56  cu.  ft.,  not  allowing  for    clearance. 

(See  Chapter  II.) 

The  horse  power  per  ton  of  refrigeration  is  obtained  from 

n  -  1 
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of  curves,  and  for  the  conditions  stated  this  becomes  3.6  cu.  ft.  per  ton 
of  refrigeration  per  minute.  Therefore,  a  76 . 6-ton  machine  will  require 
76.6  X  3.6  =  276  cu.  ft.  per  min.  for  each  of  the  compressors.  The 
type  of  the  compressor  chosen  will  affect  the  rotative  speed,  but  the 
present  practice  is  to  use  some  form  of  light  weight  valve  of  the  plate 
or  the  ribbon  type.  The  hea\y  poppet  valve  is  practically  obsolete. 
Should  a  synchronous  motor  be  used  clearance  pockets  may  be  employed 
to  advantage  in  regulating  the  capacity  of  the  compressor. 

Ice-making  plants  have  use  for  two  suction  pressures, ^'^  the  second 
being  on  the  fore-cooler  at,  say,  35-lb.  gage.     This  is  especially  true 


Hand  Hoist 
For  1  -  400*  or  2  •  300*cans 


Fig.  271. — Hand-Operated  Can  Hoist. 


where  the  water  for  the  cans  is  70  deg.  F.  or  higher  and  where  suitable 
care  is  taken  to  prevent  much  loss  due  to  the  warming  of  this  water 
between  the  fore-cooler  and  the  cans.  If  the  operating  conditions  were 
constant  the  multiple-effect  compressor  could  be  used  to  advantage 
here,  but  the  conditions  are  not  constant  for  any  length  of  time.  The 
result  is  that  either  a  separate  machine  is  used  for  precoohng  the  water 
for  the  cans,  or  the  attempt  is  made — as  in  the  design  above — to  increase 
the  suction  pressure  to  as  high  a  pressure  as  possible. 

In  choosing  the  details  of  the  air  agitation  and  harvesting,  the  costs  ^® 
should  be  carefully  considered,  as  well  as  other  local  conditions.  The 
high-pressure  air  system  was  selected  for  the  problem,  and  also  multiple 

15  See  Chapter  II. 

1*  See  first  part  of  the  chapter. 
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can  lifting  and  filling  devices.    These  matters  should  be  given  careful 
consideration.    Figure  271  gives  details  for  the  hand-operated  hoist.    At 


^^^^^^^^^^^^g 
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the  present  time  this  type  would  be  used  only  for  the  smaller  plants. 

The  larger  plants  would  use  the  air  or  the  electric  motor-driven  hoist. 

Ice-making  Plants.— Figures  272,  273  and  274  give  details  of  modern 

ice-making  and  ice-storage  plants.    All  plants  have  a  daihj  ice  storage, 
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and  most  of  them  have  a  storage  sufficient  in  capacity  to  permit  an  emer- 
gency shut-down  of  from  tliree  to  four  days.  It  is  a  question  whether 
the  large  ice  storage  warehouse,  using  a  smaller  sized  compressor  for 
operation  from  ten  to  eleven  months  of  the  year  is  more  economical 
than  the  larger  sized  compressor  and  ice  tank,  to  be  operated  as  the 
demand  for  ice  requires,  without  the  ice  storage. 

Ribplex  and  plaster 
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Fig.  273&.— Typical  Modern  Ice  Plants. 

The  following  paper,  by  H.  T.  Whytc,  assistant  general  manager, 
engineering  and  refrigeration,  of  the  Pacific  Fruit  Express  Co.,  San 
Francisco,  Calif.,  was  presented  at  the  Fifteenth  Annual  Convention 
and  Exhibition  of  the  N.A.P.R.E.  on  November  12,  1924. 

The  capacity  of  compressors,  tanks  and  storage  rooms  of  plant  should  be  in  direct 
relation  to  the  annual  tonnage  requirements  and,  as  well,  the  daily  and  monthly 
demand.  For  instance,  where  a  large  daily  demand  is  encountered,  which  goes  on 
for  a  period  of  five  months  or  more,  it  has  been  found  as  a  rule  more  economical  to 
provide  for  practically  the  entire  requirements  through  machine  capacity,  with  but 
small  storage  room  for  reserve,  in  that  greater  economy  can  be  obtained  through 
pulling  requirements  direct  from  tanks,  rather  than  providing  large  storage  room 
and  storing  ice  throughout  the  year  for  disposal  during  summer  months,  resulting 
in  excess  cost  on  account  of  extra  handling  and,  as  well,  the  cost  of  maintais'ing 
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temperatures  on  storage  room  throughout  the  year,  and  with  practical'y  no  shut- 
down period  during  the  winter  months. 

For  example,  let  us  compare  the  relative  merits  and  costs  of  operation  of  a  200-ton 
daily  capacity  manufacturing  plant,  costing  approximately  $300,000,  with  a  125-ton 
daily  capacity  manufacturing  plant,  with  10,000  tons  storage  room,  costing  $277,000 
where  the  annual  demand  would  be  25,000  tons. 

Aside  from  the  saving  indicated  above  (loss  accoimt  of  breakage  in  storage  and 
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Fig.  275.— The  Benching  Machine. 


removing  from  storage  would  be  practically  eliminated),  there  is  the  advantage  of 
supplying  your  patrons  with  first  quality  fresh  ice,  with  nicely  squared  edges  as 
against  ptored  ice.  However,  there  is  the  disadvantage  of  not  being  able  to  run 
continuously  even  during  the  peak  load  period,  on  account  of  weather  changes 
which  might  result  in  having  to  shut  down  part  of  the  plant  for  a  few  days, 
which  of  course  is  quite  costly. 

Climatic  conditions  will  have  considerable  bearing  on  the  tjTJe  of  installation, 
with  particular  reference  to  type  of  condensers,  and  whether  cooling  tower  would 
prove  desirable;  also,  in  the  type  of  construction  to  be  used  for  tank  and  com- 
pressor room  building.  In  some  locations,  it  is  possible  to  construct  this  portion 
of  the  plant  very  cheaply,  yet  serviceably. 
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Water  is  one  of  the  most  important  factors  aflfecting  ice  manufacturing  produc- 
tion costs,  for  the  reason  that  pure  water  freezes  more  rapidly,  makes  tougher  ice, 
with  consequent  less 
breakage  and  smaller 
loss  due  to  slush.  Also, 
cold  water  requires  less 
forecooling  for  ice 
making  and  less  is  used 
for  condensers;  it  re- 
duces head  pressure 
with  consequent  reduc- 
tion in  power  con- 
sumption. Ample  sup- 
ply of  water  should 
also  be  assured,  for 
lack  of  sufficient  water 
over  condensers  is  as 
bad  as  warm  water,  in 
that  proper  cooling  and 
consequent  reduction 
of  condenser  pressure 
cannot  be  accom- 
plished unless  good  and 
sufficient  quantity  of 
cold  water  is  available. 


Ice  Storage. — In 

ice  storages  two  de- 
signs of  elevating 
and  lowering  ma- 
chines may  be  used. 
The  daily  storage 
usually  has  the  ice 
on  end,  and  just  one 
tier.  A  chain  con- 
veyor nearly  flush 
with  the  floor  is 
used  in  the  daily 
storage  for  horizon- 
tal moving  of  the 
ice.  For  ice  storage 
rooms  of  medium 
height  the  benching 
machine  (Fig.  275)  and  for  taller  storage  rooms,  as  in  Fig.  273,  a  device 
more  like  Fig.  276  would  be  used. 

Ice  Scoring. — With  certain  retail  trade  there  is  a  demand  for  scored 
ice.    By  this  is  meant  that  the  300  and  400-lb.  ice  cakes  have  had  the 
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Fig.  276. — Ice  Elevating  Device. 
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proper  saw  cut  so  as  to  register  the  size  of  a  25,  50,  75,  or  100-lb.  piece 
of  ice.    Figure  277  shows  such  a  scoring  machine. 


Fig.  278.— Cold  Storage  Warehouse. 


Item 


General  expense,  including  insur- 
ance, taxes,  depreciation  and 
interest  on  investment  (14  pei 
cent) 

Plant  labor 

Tank  room  labor 

Day  storage  room  labor 

Power 

Ammonia 

Water  and  other  supplies 

Maintenance 

Salary  of  portion  of  crew  during'- 
shut-down  period 

Winter  storage  room  labor,  10,000 
tons 

Winter  storage  room  refrigeration, 

10,000  tons 

Totals 

Average  cost  per  ton 


10,000  Tons  of  Storage 


200-ton  plant 


Cost 
per  ton 


.15 


$2.79 


Total 


$1.08 

$42,000 

.10 

2,500 

.10 

2,500 

.00 

1,500 

.4.5 

11,2.50 

.05 

1,250 

.05 

1,250 

.15 

3,750 

3,850=' 


$69,850 


Saving  in  favor  of  large  daily  capacity,  $0.23  per  ton. 


125-ton  plant 


Cost 
per  ton 


.55 
.14 
.14 
.10 
.47 
.05 
.05 
.15 

.088 

.40 

.30 


$3.02 


Total 


$38,780 
3,500 
3,500 
2,500 
11,750 
1,250 
1,250 
3,750 

2,200t 

4,000 

3,000 


$75,480 


*  On  basis  of  5  months'  operation;    shutdown  7  months  @  $550  per  month, 
t  On  basis  of  8  months'  operation;    shutdown  4  months  @  $550  per  mouth. 
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CHAPTER  XIV 

COLD  STORAGE 

The  most  vital  application  of  mechanical  refrigeration  is  cold  storage. 
The  space  in  the  United  States  cooled  mechanically  to  40  deg.  F.  or 
lower  for  all  kinds  of  cold  storage  work,  exclusive  of  the  packing  house, 
is  estimated  at  about  700,000,000  cu.  ft.,  and  this  represents  about 
$250,000,000  of  invested  capital.  No  estimate  of  the  amount  of  goods 
handled  in  this  space  is  accurately  available.  There  are  few  industries 
so  vitally  concerned  in  the  life  of  the  nation,  touching  as  this  does  the 
staple  foods  such  as  meat,  poultry,  fish,  vegetables,  fruits,  eggs  and 
dairy  products. 

THE  COLD  STORAGE  INDUSTRY  (1925) 
By  A.  W.  Oakley 

Some  thirty-five  years  ago  tlie  cold  storage  industry  carried  along  in  a  limited 
way  using  natural  ice  as  a  refrigerant,  but  in  the  past  twenty-five  years  there  has  Vjeen 
rapid  development  in  the  science  and  art  of  refrigeration  and  its  adaptation  in  a 
commercial  way  to  the  preservation  of  food  products  from  the  producer  to  the 
consumer.  This  is  indicated  by  figures  giving  the  approximate  refrigerated  space 
in  public  cold  storage  warehouses,  which  in  1914  was  200,000,000  cu.  ft.  and  in  1923, 
298,000,000  cu.  ft.,  as  given  by  the  United  States  Department  of  Agriculture,  whereas 
in  1922  the  combined  public  and  private  warehouses,  including  meat-packing  estab- 
lishments, aggregated  559,000,000  cu.  ft.,  of  which  space  about  25  per  cent  is  freezer 
and 75  per  cent  cooler.  In  this  space  there  is  carried  approximately  1,930,000,000  lb. 
of  apples,  cheese  and  eggs  at  cooler  temperatures;  275,000,000  lb.  of  butter,  poultry, 
and  frozen  eggs  at  freezer  temperatures;  75,000,000  lb.  of  frozen  fish  and  about 
1,140,000,000  lb.  of  meat  and  packing-house  products  carried  in  the  cold  storage 
warehouses  of  meat-packing  establishments  making  a  grand  total  of  3,420,000,000  lb. 
of  products  mentioned.  These  figures  do  not  include  such  products  as  dried  fruits, 
nuts  and  miscellaneous  fruits  and  vegetables  and  other  articles  which  are  not  reported 
by  the  United  States  Department  of  Agriculture,  and  for  which  no  statistics;  are 
available  but  which  represent  a  very  considerable  amount.  This,  with  the  constantly 
increasing  demand  of  the  small  individual  refrigerator,  as  used  by  the  retailer,  made 
possible  by  automatic  machinery,  serve  the  marketing  and  distribution  of  perishable 
foods. 

Cold  storage  warehouses  serve  to  stimulate  production  and  prevent  gluts  in  the 
market,  and  the  modern  warehouse  is  constantly  striving  for  better  handling  and 
preserving  of  perishable  goods  in  the  cold  storage  rooms  by  proper  use  of  ozone, 
ventilation,  air  circulation  and  control  of  humidity.  Cold  storage  warehouses  are  a 
necessity  as  a  reservoir  in  feeding  the  population  in  big  cities,  as  some  90  per  cent 
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of  the  food  comes  from  other  states  and  distant  countries.  Some  idea  may  be 
obtained  by  the  following  carloads  of  perishables  consumed  in  New  York  City  per 
week: 

Dairy  Products 800 

Milk 2200 

Meat 750 

Live  Stock 600 

Poultry 300 

Fruit 850 

Vegetables 1750 

Sea  Food 50 

Total 7300 

These  commodities  are  handled  by  some  60,000  distributors  and  400,000 
employees.  In  New  York  City,  with  its  congested  business  section,  one  office  build- 
ing alone  housing  10,000  business  people,  most  of  whom  consume  one  meal  near 
business,  means  the  providing  of  30,000,000  meals  per  day  by  New  York  markets. 
The  cold  storage  warehouse  also  provides  against  food  shortage  in  emergencies 
such  as  railroad  strikes  and  embargoes. 

The  object  of  cold  storage  is  an  economic  one.  It  provides  a  means 
of  extending  the  season  and  continues  the  market  for  vegetables  like 
celery,  lettuce,  onions,  potatoes,  cabbages,  etc.;  for  fruits,  like  apples, 
pears,  plums,  oranges,  lemons,  etc.;  for  butter,  cheese  and  eggs,  and  for 
raw  and  cooked  meats.  The  purpose  of  the  industry  is  to  retard  the 
natural  processes  of  decay,  this  delay  being  accomplished  best  by 
freezing,  protecting  the  surface  (such  as  with  fish)  by  a  glaze  of  ice,  or 
by  holding  the  article  as  close  to  the  freezing  point  as  the  nature  of 
the  commodity  will  allow:  as  for  example,  apples,  which  may  be  kept 
at  28  or  29  deg.  F.  Eggs  are  a  glut  on  the  market  in  the  spring,  and 
are  scarce  and  expensive  in  the  fall  and  the  winter.  Fruits  like  plums, 
strawberries,  loganberries,  etc.,  must  be  canned  in  order  to  extend  the 
season  over  the  natural  one  of  a  few  weeks,  unless  cold  storage  can 
solve  the  problem. 

To  serve  a  useful  purpose,  then,  the  cold  storage  warehouse  must  take 
the  surplus  supply — which  must  be  of  the  best  quality  always — and  hold 
it  until  the  demand  increases.  This  means  that  only  under  exceptional 
conditions  would  the  duration  of  the  storage  exceed  9  to  10  months,  and 
according  to  the  United  States  Government  reports  the  average  length 
of  storage  for  various  articles  is : 

Months 

Eggs 5.91 

Dressed  poultry 2 .  42 

Butter 4.43 

Beef 2.28 

Mutton 4 .  45 

Pork 0.88 
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In  addition,  it  is  estimated  that  apples  are  kept  about  5  months,  fish 
(frozen)  and  dried  fruits  approximately  6  months. 

To  give  an  idea  of  the  relative  quantities,  it  is  estimated  that  the 
average  large  cold  storage  warehouses  in  the  larger  cities  devote  one- 
quarter  of  the  space  to  egg  storage  during  the  egg  season,  about  10  to 
12  per  cent  to  meats  and  fish,  one-quarter  to  one-third  to  fruit  storage, 
and  about  one-fifth  to  one-third  to  butter  and  cheese.  The  remainder 
of  the  space  in  the  public  cold  storage  warehouses  is  used  by  a  large 
miscellaneous  variety.  At  special  periods,  of  course,  these  proportions 
are  very  different,  as,  for  example,  apples  may  take  half  of  the  space  in 
the  fall,  and  eggs  half  of  the  space  in  the  spring. 

The  Apple. — Although  apples  do  not  freeze  until  the  temperature  is 
close  to  27  deg.  F.,  it  is  recommended^  that  the  temperature  be  not 
lower  than  30  deg.  F.,  and  that  30  to  31  degrees  gives  the  most  satis- 
factory results,  both  as  regards  the  holding  of  the  fruit  and  the  condition 
following  the  removal  from  cold  storage. 

The  humidity  of  the  air  in  the  cold  storage  room  is  very  important 
(for  apples  and  all  commodities  held  in  storage)  and  only  under  excep- 
tional conditions  is  the  air  too  moist.  As  a  rule  the  wilting  of  the  fruit 
due  to  the  drying  out  of  the  moisture  is  one  of  the  most  serious  problems, 
but  packing  in  air-tight  boxes  or  barrels  or  wrapping  each  apple  will 
decrease  this  loss.  The  usual  relative  humidity  of  80  to  90  per  cent 
with  an  average  of  85  per  cent  gives  good  results. 

According  to  Dr.  Magnus,  United  States  Government  research  as  to 
the  effect  of  fresh  air  ventilation  has  shown  no  advantage  from  this. 
In  tests  there  was  apparently  no  difference  in  the  rate  of  ripening,  in 
the  appearance  of  the  fruit,  or  in  the  quality  of  the  apples  so  ventilated 
as  compared  with  similar  lots  not  so  ventilated.  There  was  no  appreciable 
difference  in  the  amount  of  sugar  or  amount  of  acid,  and  it  was  impossible 
to  distinguish  any  difference  in  the  aroma  in  such  fruit  on  removal  from 
storage. 

In  order  to  prevent  scald,^  however,  there  must  be  a  lively  circulation 
of  air.  This  means  that  air  must  be  able  to  reach  every  individual  apple 
and  carry  away  the  heat  generated  by  the  chemical  action  which  is 
always  going  on  to  a  greater  or  lesser  degree.  Scald  is  caused  apparently 
by  the  accumulation  of  certain  gases  given  ofT  by  the  apples  themselves, 
and  it  can  be  prevented  only  by  air  circulation  or  by  the  absorbing  of 
these  gases.  An  oiled  (not  waxed)  wrapper  with  15  per  cent  by  weight 
of  oil  decreases  scald  to  a  marked  degree.   Apples  scald  far  less  in  crates 

1  Dr.  J.  R.  Magnus,  Handling  of  Apples  and  Pears  in  Storage,  U.  S.  Bureau  of 
Agriculture. 

*  Fatmers  Bulletin,  No.  1160,  U.  S.  Department  of  Agriculture. 
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and  boxes,  while  barrels  with  15  holes  |  in.  by  4  in.  cut  in  the  staves 
decreased  the  scald  by  permitting  the  air  to  circulate  freely  provided  the 
boxes  or  barrels  are  properly  stored.  If  the  apples  are  in  boxes  they 
should  be  at  least  I  in.  apart,  and  have  1-in.  strips  between  layers. 
If  the  apples  are  in  barrels  they  should  be  down  and  not  on  the  ends. 
The  best  practice  is  to  stow  6  to  8  high  using  2-in.  by  2-in.  strips  at  the 
heads  to  stimulate  natural  circulation.  Apples  are  not  improved  by 
moving  after  stowing  until  ready  to  ship.  The  amount  of  carbon  dioxide 
permissible  is  not  definitely  known,  but  according  to  experiments  in 
Cambridge,  England,  12  per  cent  of  carbon  dioxide  was  found  to  be  an 
aid  in  the  keeping  of  the  apples,  but  more  than  12  per  cent  decreased 
the  holding  power.  "^  British  practice  advocates  the  use  of  the  ozonator 
although  this  is  not  generally  employed  in  the  United  States. 

The  Pear. — According  to  Dr.  J.  R.  Magnus,  the  best  storage  tem- 
perature of  the  pear  is  30  deg.  F.  Handling,  storing,  air  circulation  and 
humidity  are  practically  the  same  as  for  the  apple.  Rapid  cooling  of 
the  fruit  does  not  injure  it,  in  fact  the  more  rapid  the  better.  Blackening 
of  Bartlett  pears  is  shown  by  experiment  to  be  due  to  their  being  picked 
too  early,  in  consequence  of  which  there  is  not  the  natural  skin  wax 
which  is  a  protection.  Blackening  of  pears  and  scald  in  apples  appear 
to  be  similar  conditions.  In  Bulletin  No.  377  of  the  University  of 
California,  by  Overholser  and  Latimer,  the  results  from  investigations 
concerning  the  effect  of  temperature,  the  degree  of  maturity,  region 
where  grown,  etc.,  on  scald  and  blue  mold  are  given. 

The  Egg. — According  to  Bulletin  No.  729,  United  States  Depart- 
ment of  Agriculture,  only  large  eggs  that  are  clear  and  have  clean 
whole  shells  should  be  used  for  long  holding  in  cold  storage.  The  net 
weight  of  a  case  (30  dozen)  of  eggs  packed  for  storage  should  be  not 
less  than  42  lb.  They  should  be  packed  in  new,  odorless  cases  fastened 
preferably  with  cement-coated  nails  with  medium  hea\'y  fillers.  Odor- 
less fillers  should  be  used  on  the  top  and  bottom,  and  the  lid  should  be 
securely  fastened.    (See  Table  97  for  operating  conditions.) 

The  egg  room  should  be  dry,  clean  and  free  from  odors,  and  the 
temperature  should  be  kept  at  from  29  to  32  deg.  F.  In  storing,  ventila- 
tion must  be  provided,  using  2-in.  strips  on  the  floor  and  |-in.  or  thicker 
strips  between  the  cases  in  the  stacks.  If  the  eggs  are  fresh  and  have 
clean  whole  shells  they  may  be  successfully  preserved  for  from  nine  to 
ten  months.  The  loss  in  spring-packed  eggs  by  candling  is  about  3  to 
4  per  cent.,  but  it  is  much  greater  for  summer-packed  eggs.  The  loss 
in  weight  due  to  shrinkage  per  case  is  about  3  to  4  oz.  per  month.  The 
relative  humidity  of  the  room  should  be  about  85  per  cent. 

» A.  H.  Ashbolt  (Agent  General  for  Tasmania),  Cold  Storage,  1923. 
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In  the  summary  of  Bulletin  No.  775  (United  States  Department  of 
Agriculture)  it  is  stated  that  clean  whole  eggs  that  have  not  been  wet 
show  a  negligible  loss  after  10  to  11  months  in  storage.  Imperfections 
in  handling,  grading  and  marketing  previous  to  storage  are  responsible 
for  most  of  the  bad  eggs.  Commercial  selection  by  inspection  is  stated 
to  be  very  inefficient.  Average  tests  showed  17^  cracked  and  one  leaking 
egg  per  case.  Dirty  and  spoiled  eggs  were  included.  Candling  is  by  far 
the  preferred  method,  and  by  its  means  the  egg  can  be  graded  according 
to  quality,  and  cracked  eggs  can  be  detected.  There  usually  are  about 
3  eggs  cracked  per  case  of  spring  firsts.  If  eggs  are  dirty,  cracked,  leaking, 
heated  or  stale  they  should  be  packed  in  bulk  and  frozen,  under  which 
condition  they  will  keep  a  year  or  more.  Eggs  fresh  when  stored  show 
after  storage  an  increased  air  space  and  a  yellowish  white.  The  per- 
centage of  ammoniacal  nitrogen  is  an  indication  of  the  decomposition. 
The  cold  storage  taste  present  after  the  seventh  month  seems  to  be  an 
absorption  of  the  odors  from  the  strawboard  fillers  or  other  surroundings. 

Dr.  Mary  E.  Pennington,*  speaking  before  the  American  Association 
of  Ice  and  Refrigeration  (1923),  said,  in  explaining  certain  research  in 
egg  storage  that  aeration  with  fresh  air  had  a  deterrent  action  on  the 
absorption  by  the  eggs  of  storage  flavors  when  the  present  egg  package 
is  used  and  when  the  temperature  carried  is  from  29  to  31  deg.  F.  In 
this  research  the  air  was  cooled  and  conditioned  by  the  use  of  water  and 
brine  sprays,  and  mold  appeared  to  be  checked  by  the  use  of  rapidly 
moving  fresh  air,  whereas  the  fact  that  the  air  was  in  a  lively  circulation 
did  not  increase  the  shrinkage,  provided  the  proper  humidity  was 
maintained. 

The  freezing  of  eggs  in  bulk  is  good  economy.    It  withdraws  from  the 

*  Dr.  Mary  E.  Pennington,  American  Association  of  Ice  and  Refrigeration,  1923. 
The  conclusion  of  this  paper  is  as  follows: 

\Miile  the  foregoing  report  is  based  on  but  one  experiment,  and  one  in  which 
.lune  instead  of  April  or  May  eggs  were  under  observation,  findings  indicate  that: 

1.  Aeration  with  fresh  air  had  a  deterrent  action  on  the  absorption  by  the  egg  of 
storage  flavors  when  the  present  standard  egg  package  is  used,  and  when  the  tem- 
perature is  from  29  deg.  to  31  deg.  F. 

2.  The  humidity  of  the  storage  rooms  was  controlled  during  the  late  summer 
and  winter  months  by  a  regulated  current  of  outdoor  air. 

3.  Apparently  moving  air  does  not  accelerate  the  usual  shrinkage  of  stored  eggs, 
provided  the  air  be  sufficiently  humidified. 

4.  It  is  of  interest  to  note  that  a  well  started  grov.th  of  "  whiskers,"  and  a  begin- 
ning growth  of  mold,  was  checked  by  a  rapidly  moving  current  of  fresh  air. 

5.  The  total  loss  in  weight  of  the  eggs  averaged  approximately  0.5  per  cent 
per  month.  This  is  very  similar  to  the  loss  observed  by  investigators  in  the  U.  S. 
Department  of  Agriculture  studying  the  commercial  preservation  of  eggs  by  cold 
storage. 
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market  surplus  quantities  of  edible  eggs  of  a  grade  below  first,  and  makes 
them  available  for  use  the  year  round.  They  are  put  on  the  market 
in  the  form  of  whites,  yolks,  or  a  mixture  of  whites  and  yolks.  The 
30-lb.  tin  is  the  usual  package.  Frozen  eggs  should  be  frozen  promptly, 
and  should  then  be  kept  at  a  temperature  of  10  deg.  F.  or  lower. 

Butter. — Butter  should  be  carried  at  2  deg.  F.  or  lower  to  secure  the 
best  results.  It  is  usually  packed  in  the  63-lb.  tubs,  the  63  to  78-lb. 
cubes  and  the  standard  boxes  for  the  one  pound  prints.  Butter  should 
be  made  of  cream  of  limited  acidity  if  it  is  to  be  stored  for  several  months, 
should  be  pasteurized,  cooled  promptly  and  churned  without  further 
ripening.  Low  percentages  of  salt  in  the  butter  are  better  for  keeping 
than  high  percentages.  Stowing  is  important  as  regards  air  circulation 
and  inspection.  The  cube  and  box  packages  should  be  separated  by  at 
least  one  inch  dunnage.  D.  C.  Dyer  says,^  that  oxidation  of  the  fat 
itself  is  not  the  cause  of  undesirable  flavors  in  cold  storage  butter  held 
at  zero  deg.  F.,  but  is  due  to  a  chemical  change  in  one  or  more  of  the  non- 
fatty  substances  found  in  the  buttermilk. 

Poultry. — Dressed  poultry,  properly  prepared  for  storage,  fresh, 
absolutely  free  of  any  visible  or  olfactory  signs  of  decomposition  and 
correctly  handled  may  be  maintained  in  good  quality  for  12  months. 
It  is  not  advised  that  longer  periods  be  used,  although  it  is  possible, 
except  that  the  palatability  is  decreased. 

For  the  best  results  the  poultry  should  be  dry  picked  and  dry  packed. 
Poultry  which  has  been  in  contact  with  ice  should  never  be  stored.  Ice- 
packed  poultry  and  scalded  poultry  usually  age  more  quickly.  Poultry 
should  be  packed  in  clean,  well-made  boxes — usually  12  birds  to  the 
box — in  either  single  or  double  layers.  Each  fowl  should  be  wrapped 
separately  and  the  box  lined  with  a  suitable  paper.  The  box  should  be 
tight  and  the  packed  boxes  should  be  placed  in  the  sharp  freezer  and 
stored  so  as  to  permit  air  circulation.  During  freezing  the  room  tem- 
perature should  be  from  0  to  5  deg.  F.,  and  afterwards  it  should  be 
held  at  15  degrees  or  lower. 

Fish  Storage  and  Freezing. — Fish  is  one  commodity  which  must  be 
frozen  in  a  special  manner  in  order  to  be  kept  in  storage  for  any  length 
of  time  without  serious  change  of  food  value  or  flavor,  yet  without 
freezing  fish  would  be  practically  unknown  in  inland  commvmities,  and 
such  fish  as  bluefish  would  be  in  the  market  for  a  few  weeks  only,  while 
salmon  would  be  unknown,  except  on  the  sea  coast,  in  any  way  but  as 
cured  fish.  The  market  for  mackerel,  halibut,  pike,  smelts,  etc.,  would  be 
curtailed  considerably,  and  fish  of  many  varieties  would  be  a  costly 
delicacy. 

^  Journal  of  Agricultural  Research,  September,  1916. 
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For  storage  fish  needs  ice  "  glazing."  By  this  is  meant  that  a  pro- 
tective coating  of  ice  be  formed  on  every  individual  fish  or  around  a 
number  of  fish  if  the  fish  are  small.  Unless  they  are  glazed  the  skin  is 
likely  to  turn  white^  and  the  fish  to  shrivel,  because  of  the  loss  of 
moisture.  The  glaze  also  tends  to  prevent  the  shrivelling  of  the  noses 
and  the  fins,  to  keep  the  eyes  from  becoming  opaque  and  the  gills 
(normally  red)  from  becoming  dark  and  brown,  and  in  general,  provides 
a  surface  on  which  molds  and  fungi  cannot  grow. 

As  a  rule  the  following  procedure  is  considered  good  practice.  The 
fish  are  first  washed  free  of  dirt  and  shme  and  the  larger  fish — bluefish 
particularly  as  they  are  heavy  feeders — are  gutted  before  freezing.  On 
the  contrary,  some  localities  prefer  salmon  to  be  frozen  in  the  round. 
The  smaller  fish,  as  the  small  weak  fish,  mackerel  and  salmon,  cannot 
be  gutted  and  are  therefore  frozen  in  their  natural  state  in  pans  con- 
taining approximately  40  lb.  Large  halibut  and  salmon  are  frozen 
separately.  The  pans  are  placed  directly  on  the  shelving  made  up  of 
piping  (Fig.  279)  and  the  piping  ratio  is  sufficient  to  permit  a  tem- 
perature of  the  sharp  freezer  of  from  —  5  to  —  15  deg.  F.  The  shelving 
is  designed  to  permit  passageway  for  convenient  handling.  The  fish 
are  reduced  in  temperature  in  from  12  to  30  hours,  depending  on  the  room 
temperature  and  the  size  of  the  fish,  and  as  soon  as  this  is  done  they  are 
ice  glazed.  The  glazing  operation  is  done  by  having  a  trough  of  water 
at  about  32  deg.  F.  (which  is  frequently  changed)  in  a  room  at  a 
temperature  of  from  20  to  25  deg.  F.,  and  the  fish  are  made  to  pass 
through  the  trough.  The  process  is  repeated  from  three  to  five  times  or 
until  the  required  thickness  of  ice  is  frozen  upon  the  fish.  Another 
method  is  to  use  a  grilled  platform  which  is  lowered  and  then  raised  with 
the  fish.  Finally  the  fish  are  placed  in  the  ordinary  type  of  cold  storage 
room  until  used,  the  room  being  kept  constant  at  some  temperature 
from  0  to  10  deg.  F.  After  3  to  5  months  the  ice  glaze  will  be  lost  to  the 
air  in  the  room  by  evaporation,  and  will  need  to  be  replaced.  Boxing  of 
the  glazed  fish  is  becoming  more  general,  as  it  simplifies  the  handhng 
and  the  shipping  of  the  fish,  and  permits  a  more  careful  record  to  be  kept 
of  the  duration  of  storage.  The  boxes  are  lined  with  heavy  Manilla 
paper,  and  when  so  done  the  fish  are  protected  from  injury  and  the 
glaze  takes  longer  to  evaporate.  As  a  rule  4  to  5  cakes  of  panned  fisli, 
120  to  150  lb.,  commonly  are  packed  in  one  box,  the  size  of  which  is  made 
just  right  to  take  the  cakes  from  the  pan.  Large  fish  are  usually  wTapped 
first  in  a  vegetable  parchment  paper,  and  then  are  carefully  packed  in 
boxes  lined  with  Manilla  paper. 

Tests  by  the  Bureau  of  Chemistry,  United  States  Department  of 
«  Bulletin  No.  635,  U.  S.  Department  of  Agriculture,  by  Clark  and  Almy. 
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Agriculture  (Bulletin  No.  635)  indicate  that  properly  glazed  fish  were 
kept  for  27  months  during  which  time  and  at  the  end  of  this  period 
elaborate  analysis  did  not  indicate  any  changes  which  rendered  the 
fish  unsuitable  for  food,  nor  were  there  any  important  differences  in  the 
chemical  composition  between  the  stored  and  the  fresh  fish.  Other 
experiments  show  that  after  9  months  there  was  nothing  in  the  taste 
by  which  the  average  consumer  of  fish  could  detect  the  stored  fish  from 
the  fresh  fish.  However,  the  average  period  of  storage  is  about  8  months, 
as  the  stock  is  usually  depleted  before  the  fresh  fish  is  again  plentiful  in 
the  market. 

The  Brine  Method. — According  to  a  paper  by  Dr.  Walter  Stiles  of 
University  College,  Reading,^  the  use  of  cold  brine  for  the  freezing  of 
fish  was  found  to  be  better  than  freezing  by  air  cooling.  All  air  cooling, 
according  to  this  authority,  caused  a  loss  of  surface  sheen  and  brightness 
due  to  the  loss  of  surface  mucilage,  as  well  as  a  loss  of  weight  by  evapora- 
tion of  moisture  up  to  6  per  cent.  These  changes  in  the  fish  were  not 
present  in  the  case  of  brine  freezing.  The  report  goes  on  to  show  that 
an  ice  glaze  of  10  per  cent  increase  of  weight  should  last  30  days,  but 
that  brine  freezing  tends  to  prevent  the  formation  of  this  ice  glaze. 
J.  M.  Tabor^  says  that  fish  plunged  into  cold  brine  will  freeze  in  half 
an  hour,  that  the  brine  is  found  to  be  an  antiseptic,  and  that  the  fresh- 
ness of  the  fish  is  not  affected  because  the  skin  is  frozen  first.  Mr.  Tabor 
advises  that  the  fish  be  cleaned  and  gutted  before  freezing.  In  pack- 
ing fish  "  salunol  ice  "  (ice  made  from  water  with  a  trace  of  sodium 
hypochloride)  was  advocated  because  of  its  germicide  properties. 

The  freezing  of  fish  in  the  United  States  with  brine  (a  patented 
process)  has  not  become  general.  The  salt  does  penetrate  somewhat 
into  the  body  of  the  fish  and  at  times  fish  so  treated  is  claimed  to  be 
unpalatable.  The  eyes  become  dulled,  and  if  blood  is  exposed  to  the 
brine  it  is  changed  to  a  dark  color.  The  fish  usually  have  distorted  shapes, 
and  pack  poorly.  But  the  process  is  a  commercial  one  and  certainly  has 
merit  from  the  theoretical  point  of  view. 

The  Peterson  Process.^Mr.  J.  W.  Peterson  has  developed  a  process^ 
which  greatly  resembles  the  manufacture  of  ice.  The  smaller  fish  are 
placed  in  scoops  or  pans  of  about  28  in.  by  18  in.  by  2f  to  2  in.  deep 
and  then  are  carefully  transferred  to  No.  15  gage  galvanized  cans 
(Fig.  280).  These  cans  are  submerged  in  calcium  chloride  brine  at  from 
—  20  to  —  25  deg.  F.,  and  complete  freezing  is  possible  in  2  to  2|  hours, 
or  less.    The  frame  of  cans  is  then  lifted  out  of  the  brine  and  is  lowered 

^  Report  of  the  Food  Investigation  Board,  1921,  England. 

8  J.  M.  Tabor,  British  Cold  Storage  and  Ice  Association,  1923. 

'  J.  W.  Peterson,  Refrigeration  Engineering,  1924. 
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into  a  thawing  tank  (as  in  ice  making)  and  when  the  "  cake  "  is  released 
it  is  glazed  as  before.  Large  fish  are  packed  into  the  cans  individually, 
It  is  claimed  that  the  Peterson  process  offers  a  low  first  cost,  a  small 
space  requirement,  that  the  freezing  time  is  very  short,  and  also  that 
the  power  and  the  labor  costs  are  comparable  with  other  methods  of 
fish  freezing. 


I  T  &  G./  Cans'     ^Strap  Iron 


^1 -Layer  2"x  4"  wood        "^2- Layers  4"  corkboard 

'  Lid  drarnage 'detail 

Fig.  280. — Peterson  Tank  System  for  Fish  Freezing. 


Vegetables:  Sweet  Potatoes. — Sweet  potatoes,  free  from  frost, 
bruises,  and  dried  sufficiently  to  remove  the  surface  moisture  are  stored 
in  bins,  crates  and  hampers,  stacked  so  as  to  permit  good  air  circulation. 
They  should  be  "  cured  "  at  85  deg.  F.  to  remove  surplus  moisture 
(this  requiring  from  7  to  21  days)  at  which  time  the  surface  is  bright, 
clear  and  dry,^°  and  then  the  temperature  should  be  gradually  reduced 

1°  H.  C.  Thompson,  Storing  and  Marketing  of  Sweet  Potatoes,  No.  970,  U.  S. 
Department  of  Agriculture. 
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from  50  to  55  deg.  F.  The  room  should  be  kept  dry,  under  which  con- 
ditions the  sweet  potato  will  keep  well  for  from  3  to  6  months. 

Onions. — Only  sound,  well  ripened  onions  should  be  stored — free 
from  loose  skins — and  properly  dried.  They  should  be  stored  in  slatted 
onion  crates,  properly  stacked  for  air  circulation,  or  in  shallow  slatted 
bins  and  should  be  cooled  to  from  32  to  36  deg.  F.  as  quickly  as  possible 
after  stowing.    A  low  relative  humidity  should  be  carried. 

Cabbages. — Solid  heads,  free  from  injury  and  loose  leaves,  should  be 
placed  one  layer  deep  on  slatted  shelves  properly  arranged  for  good  air 
circulation.     In  order  to  prevent  excessive  wilting  and  shrinkage  a 


R  R.  tracks 


Fig.  281. — The  Otteson  Fish-Freezing  System. 


relative  humidity  of  80  to  85  per  cent  should  be  carried,  but  moisture 
must  not  be  permitted  to  form  on  the  leaves. 

Potatoes. — Potatoes  should  not  be  stored  deeper  than  6  ft.,  and  if  in 
crates  or  bags  good  circulation  of  the  air  in  the  room  should  be  arranged 
for.  The  air  temperature  should  not  be  less  than  35  nor  greater  than 
40  deg.  F.  The  relative  humidity  should  be  as  high  as  possible  without 
precipitation  of  moisture  on  the  surface,  or  80  to  90  per  cent.  Potatoes 
should  keep  6  months  in  prime  condition. 

Insects  in  Cereals. — In  a  paper  by  Dr.  A.  E.  Black  of  the  United 
States  Department  of  Agriculture  before  the  American  Association  of 
Ice  and  Refrigeration,  1922,  it  was  stated  that  the  fruit  fly  is  very  easy 
to  destroy,  but  that  the  clothes  moth  larvae  and  other  pests  are  not  so 
easily  killed.    The  bean  weevil  can  be  killed  if  reduced  to  32  deg.  F.  for 
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56  days,  whereas  the  cow  pea  weevil  will  succumb  in  a  month  at  32  deg. 
or  even  at  39  deg.  F.      The  following  insects  were  subjected  to  30  deg.  F. 

The  sawtoothed  grain  beetle,  connnon  in  flour  and  dried  fruits,  was 
killed  in  four  weeks.  The  northern  flat  grain  beetle  dies  in  a  week,  and 
the  southern  variety  in  two  months,  whereas  the  broad-horned  flour 
beetle  required  only  one  week.  The  Australian  wheat  weevil  required 
from  three  to  four  months,  as  did  also  the  tobacco  beetle  which  likewise 
attacks  cereals.  The  rice  weevil  egg  was  killed  in  one  week,  the  adults 
in  17  days  and  the  larvae  in  four  weeks.  The  granary  weevil  (somewhat 
similar  to  the  rice  weevil)  required  three  months  at  30  deg.  F.  The  eggs 
were  killed  in  four  weeks  and  the  larvae  in  four  to  five  weeks. 

Freezing  of  Fruits  and  Berries. — Research  in  the  preservation  of 
fruits  and  berries^^  by  freezing  at  8  to  12  deg.  F.  showed  that,  in  general, 
soft  fruits  and  berries  can  be  "  kept  for  from  6  to  10  months  at  8  to 
12  deg.  F.,  after  which  they  are  equal  to  fresh  fruit  for  most  purposes." 
Cherries  in  open  containers  become  dark  in  color,  but  covering  with 
water  and  freezing  prevented  this  darkening.  The  use  of  sulphurous 
acid  resulted  in  an  inferior  flavor.  Apricots  gave  excellent  results,  espe- 
cially when  stored  in  water,  or  crushed  with  an  equal  weight  of  sugar. 
Red  raspberries,  currants,  loganberries  and  strawberries,  untreated, 
preserved  well  at  8  to  12  deg.  F.,  but  shrivelled  slightly.  Best  results  were 
obtained  by  crushing  the  fruit  and  adding  sugar.  The  flavor  was  much 
better  than  similar  fruit  preserved  by  cooking.  Grape  juice  stored  at 
10  deg.  F.  was  superior  to  the  pasteurized  variety.  ^^ 

Plums. — E.  L.  Overholser^^  says  that  certain  varieties  of  plums  keep 
well  at  36  deg.  F,  and  others  at  32  deg.  F.  The  storage  time  averaged 
from  10  to  12  weeks  and  gave  a  marketable  plum  of  from  2  to  7  days. 
Sorting  and  packing  are  prompt.   Precooling  to  32  deg.  F.  is  imperative. 

SOME  EFFECTS  OF  FREEZING  ON  MATURE  FRUITS  OF  THE  APPLE 

By  D.  B.  Carrick,  Cornell  University  Agriculture  Experiment  Station. 

Rapidly  frozen  apples  exhibit  a  larger  amount  of  discoloration  than  do  similar 
fruits  given  four  times  as  long  an  interval  to  reach  the  same  minimum  temperature. 
Apples  frozen  rapidly  to  varying  degrees,  when  thawed  at  0  deg.  C.  (32  deg.  F.) 
and  22  deg.  F.  (72  deg.  F.)  show  an  equal  amount  of  browning  injury.  However, 
slowly  frozen  apples  when  thawed  very  slowly  during  several  days  or  weeks  at 
.0  deg.  C.  (32  deg.  F.),  uniformly  reveal  more  discoloration  than  if  more  quickly 
thawed  at  10  deg.  C.  (50  deg.  F.)  or  higher. 

"  Cruess,  Overholser,  and  Bjarnason,  Bulletin  324,  University  of  California 
Agriculture  Experiment  Station. 

12  E.  L.  Overholser,  Bulletin  No.  344,  Agriculture  Experiment  Station,  University 
of  California. 
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Freezing  points  of  expressed  apple-fruit  juice,  measured  by  a  Beckmann  apparatus, 
are  found  to  be  significantly  higher  than  the  depression  of  the  cell  sap  within  the 
normal,  unfrozen  apple  tissue  as  determined  by  thermo-junctions.  The  depression  of 
the  cell  sap  within  the  tissue  frozen  to  death  was  much  higher  than  the  Beckmann 
measurements. 

Various  external  and  internal  symptoms  of  frozen  apples,  such  as  changes  in  color, 
the  effect  of  bruising  while  ice  is  still  present,  and  the  texture  and  flavor,  are  described. 
Some  distinctions  are  made  between  frozen  and  over-mature  apples. 

Since  slightly  frozen  apples  are  usually  more  susceptible  to  Pcnicillium  ex-pansinn 
and  other  fungous  organisms,  they  do  not  keep  so  well  in  storage  as  does  normal 
fiuit.  Severely  injured  apples  cannot  be  held  without  loss  for  any  length  of  time, 
and  should  either  be  disposed  of  immediately  or  placed  in  storage  at  —  20  deg.  C. 
(—  4  deg.  F.).  In  this  low  temperature  the  fruit  can  be  kept  almost  indefinitely, 
and  it  is  satisfactory  as  a  culinary  product  but  worthless  for  fresh  consumption. 

Preliminary  results  with  the  Wagener,  Baldwin,  Rome,  and  Ben  Davis  varieties 
indicate  that  —  1  deg.  C.  (30. 2  deg.  F.),  or  somewhat  below  this  point  is  the  optimum 
cold  storage  temperature  for  the  apple,  as  compared  with  0  deg.  C.  (32  deg.  F.) 
or  above. 

A  study  of  extreme  temperature  is  contained  in  the  United  States 
Department  of  Agriculture  Bulletin  No,  1133,  entitled,  "  Freezing  Tem- 
peratures of  Some  Fruits,  Vegetables,  and  Cut  Flowers,"  by  R.  C. 
Wright  and  Geo.  F.  Taylor. 

Freezing  or  freezing  injury  does  not  alwaj^s  occur  when  fruit  or  vegetable  products 
are  exposed  to  temperatures  at  or  below  their  actual  freezing  points.  Under  certain 
conditions  many  of  these  products  can  be  undercooled;  that  is,  cooled  to  a  point  below 
the  true  freezing  temperature  of  each  and  again  warmed  up  without  freezing  and 
without  apparent  injury.  Certain  products  under  certain  conditions  may  be  actually 
frozen  and  then  thawed  out  without  apparent  injury,  while,  on  the  other  hand,  some 
products  are  injured  if  stored  at  temperatures  well  above  their  actual  freezing  points. 
Evidence  seems  to  show  that  different  individuals  of  the  same  variety  and  strain 
when  grown  under  different  conditions  will  have  somewhat  different  freezing  points, 
and  that  there  are  also  some  variations  in  the  freezing  points  of  products  of  the 
same  variety  and  from  the  same  lot. 

In  view  of  these  facts  the  freezing  points  given  in  this  bulletin  should  be  con- 
sidered only  as  danger  points  at  or  near  which,  either  above  or  below,  there  is  a 
possibility  of  freezing  injury  if  exposed  for  a  sufficient  length  of  time.  These  are 
temperatures  at  which  it  is  unsafe  to  hold  produce  for  any  length  of  time,  as  serious 
danger  of  frost  injurj^  exists. 

Cold  Storage  for  Furs  and  Fabrics. — Because  of  the  damage  from 
the  ravages  of  moths  and  beetles,  the  fur  storage  industry  has  developed 
to  quite  an  extent  during  the  summer  months.  Storage  at  freezing 
temperatures  also  tends  to  improve  the  lustre  of  the  fur  so  that  the 
fur  has  a  greater  value  after  the  warm  weather  is  over  and  the  furs  are 
needed  agan  for  the  fall  or  the  early  winter. 

Temperatures  Required. — The  moth  and  the  beetle  egg  requires  a 
temperature  of  55  deg.  F.  for  hatching.     If  hatching  occurs  the  insect 
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eats  the  fur  to  secure  the  grease  and  the  ammal  juices  existing  there. 
The  fur  constitutes  the  chief  food  of  the  insect  and  supphes  the  necessary 
material  for  the  cocoon  of  the  moth.  If  the  larvae  are  hatched  the  move- 
ment becomes  active  at  45  deg.  F.  and  above,  and  the  fur  will  be 
injured;  this  activity  increasing  up  to  55  deg.  F.  where  normal  activity 
is  reached.  Temperatures  below  45  deg.  F.  stunt  the  activity  to  a  point 
where  little  or  no  damage  is  done;  at  42  deg.  it  has  been  demonstrated 
that  although  the  insect  may  be  still  moving,  it  is  very  sluggish;  and 
at  40  deg.  F.  all  movement  is  suspended. 


TABLE  93 
Summary  of  Averages 


Temperatures,  Degrees  F. 

Fruit  and  Varieties 

Average 

Extremes 

Minimum 

Maximum 

Apples: 

Summer  varieties 

28.44 
28.51 

29.84 
30.22 
29.36 
26.00 

29.15 
28.40 
29.51 
27.81 
26.70 
30.21 
28.91 
28.16 
28.36 
28.14 
28.03 
29.41 

28.46 
27.83 
29.39 
28.33 
28.53 

30.41 
28.76 
29.93 

29.74 
31.18 
29.57 
30.08 
28.95 
30.41 
30.02 
31.20 
30.09 
30.03 
28.92 
28.44 
30 .  38 
30.23 

28.12 
28.21 

29.76 
30.10 
29.15 
2.5.45 

28.73 
28.12 
29.32 
27.56 
26.28 
30.18 
28.70 
27.85 
28.00 
27.89 
27.86 
29.09 

28.06 
27.20 
29.34 
28.07 
28.20 

30.12 
28.24 
29.56 

29.65 
31.06 
29.42 
29.95 
28.65 
30.17 
29.74 
31.03 
29.69 
29.67 
28.80 
28.10 
30.20 
30.16 

28.62 

Fall  and  winter ...                                                         

28  87 

Bananas  (Jamaica): 

^          /  Peel 

29  92 

Ripe{S.;:::: : : ::• 

30.58 
29.53 
26   50 

Blackberries: 

Black  varieties 

29.42 

White  varieties 

28  63 

Logan  {Loganherrij) 

29  75 

Cherries 

28  25 

Cranberries 

26  93 

Currants .    .    .    .                 

30  25 

29   18 

Grapes  (eastern) 

Grapefruit 

28.37 
28   50 

Lemons .                                   ... 

28  47 

Oranges 

28  34 

Peaches  (hard,  ripe) 

Pears  (Bartlett): 

Hard,  ripe 

Soft,  ripe 

29.74 

28.70 
28  00 

Pears  (unknown  Japanese  variety) 

Japanese  persimmons  (Tanenashi) 

Plums 

29.53 
28.63 

28.85 

Raspberries: 

Red  varieties .    . 

30  50 

Black  varieties 

28  79 

strawberries 

30.13 

Kind  and  Variety 
Beans  (snap) 

30  06 

Cabbage  (Early  Jersey  Wakefield) 

31  34 

Carrots 

29  68 

Cauliflower 

30.15 
29.22 
30.69 
30  ''2 

Eggplant 

Kohl-rabi 

Lettuce 

31   38 

Onions  (dry) 

30.24 

Peas  (green) 

30.25 

Potatoes 

29  02 

Potatoes,  sweet .             

28.72 

Turnips 

30.67 
30.48 
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The  moth  miller  and  the  beetle  are  killed  at  a  temperature  of  40  deg.  F., 
but  relatively  slowly,  whereas  at  32  deg.  F.  they  are  killed  quickly.  If 
they  are  rolled  up  in  rugs  or  garments  they  may  be  protected  for  weeks, 
but  the  evidence  is  that  no  damage  is  done  under  the  conditions  of  32  deg. 
to  40  deg.  F.  In  fur  or  rug  storage  it  is  better  to  hang  up  the  garment 
and  to  lay  the  rug  out  in  flat  piles,  and  the  temperature  must  be  40  deg. 
or  lower.  The  larvae  may  survive  a  temperature  of  18  deg.  F.  for  weeks, 
but  usually  it  may  be  killed  if  the  temperature  is  permitted  to  rise  to 
45  to  50  degrees  for  a  day  or  two  and  then  lowered  again.  As  a  rule, 
25  degrees  is  the  preferred  operating  temperature. 

EFFECT  OF  COLD  STORAGE  ON  CLOTHES  MOTHS 

By  E.  A.  Back  and  R.  T.  Cotton,  Bureau  of  Entomology,  U.  S.  Department  of 

Agriculture 

Cold  storage  is  the  best  method  of  protection  against  clothes  moth  damage. 
Once  in  cold  storage  no  injury  can  take  place.  Cold  storage  can  be  depended  upon 
for  absolute  protection  by  dealers  in  furs,  carpets  and  other  valuable  articles  such  as 
stuffed  animal  heads,  blankets,  carriage  robes,  curtains,  upholstered  furniture,  etc. 
This  is  true  because  clothes  moth  larvae  or  worms  cannot  feed  at  temperatures 
below  45  deg.  F.  A  temperature  range  lower  than  one  of  40  deg.  to  42  deg.  or  45 
deg.  F.  is  unnecessary. 

If  cold  storage  will  protect,  and  has  the  sanction  of  the  United  States  Department 
of  Agriculture,  why  is  it  that  warehousing  concerns  often  have  complaints  lodged 
against  them  by  patrons  who  state  that  living  moths'  larva;  are  found  by  them  in 
articles  several  days  after  removal  from  cold  storage?  The  presence  of  living  larvie 
in  such  articles  can  be  explained  in  two  ways.  First,  larvi«  may  have  crawled  to 
the  articles  after  they  were  removed  from  storage  from  other  infested  material  in 
the  home,  but  this  possibility  is  rather  remote  if  living  worms  are  detected  within 
several  days;  second,  that  while  cold  storage  temperatures  were  sufficient  to  protect, 
they  were  not  sufficient  to  kill.  Cold  storage  concerns  should  determinine  in  advance 
as  a  matter  of  policy  whether  they  offer  a  service  of  protection  against  damage  for 
the  period  of  storage,  or  whether  in  addition  to  this  they  are  to  guarantee  the 
articles  refrigerated  to  be  free  from  living  moths  at  the  time  they  leave  storage. 

There  is  very  little  exact  data  on  the  effect  of  cold  temperature  upon  the  different 
stages  of  clothes  moths.  Some  years  ago  Dr.  A.  M.  Reed,  of  the  Security  Storage 
Company  in  Washington,  D.  C,  conducted  experiments  in  cooperation  with  Dr. 
L.  O.  Howard,  Chief  of  the  Bureau  of  Entomology,  which  indicated  that  larvse  of 
the  weVjbing  clothes  moth  lineola  biselliella  can  survive  for  a  long  time  a  temperature 
of  18  deg.  F.  No  explanation  was  given  of  what  a  "long  time"  meant  in  actual 
days.  It  was  found,  as  has  been  discovered  in  the  case  of  other  insects,  that  it  isn't 
always  the  cold  alone  that  kills,  but  the  sudden  fluctuations  from  a  cold  to  a  warmer 
temperature  and  back  to  a  cold  temperature.  These  experiments,  referred  to  above, 
resulted  in  the  present  recommendation  of  the  Department  that  to  kill  clothes  moths 
in  storage  the  infested  articles  should  be  refrigerated  at  18  deg.  F.  for  several  days, 
then  suddenly  exposed  for  a  short  time  to  50  deg.  F.,  and  then  returned  to  18  deg.  F., 
and  finally  held  permanently  at  about  40-45  deg.  F. 
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If  a  concern  merely  guarantees  to  protect  articles  during  the  period  of  storage, 
it  is  sufficient  to  maintain  a  temperature  of  about  40-45  deg.  F.  At  this  range  the 
eggs  of  the  moth  which  are  apt  to  be  on  the  article  at  time  of  storage  will  be  killed 
if  the  period  of  storage  is  prolonged  over  six  weeks.  Experiments  have  shown  thai 
at  20-25  deg.  F.  and  at  25-30  deg.  F.,  clothes  moth  eggs  are  all  killed  in  about 
three  weeks;  at  30-35  deg.  F.,  in  26  days,  and  at  35-40  deg.  F.  in  about  one  month. 
But  the  older  well-grown  larvce  are  very  resistant.  While  the.se  well-grown  larvse 
were  killed  in  67  days  when  subjected  to  an  even  temperature  of  20-25  deg.  F., 
and  in  93  days  at  25-30  deg.  F.,  others  held  at  temperatures  ranging  from  30-35 
deg.  F.  and  35-40  deg.  F.  are  still  alive  after  over  four  months. 

The  ability  of  well-grown  larvai  to  withstand  long  periods  of  refrigeration  at 
moderate  temperatures  was  demonstrated  recently  in  a  Washington  plant  whose 
rooms  were  said  to  have  had  a  temperature  range  of  24-48  deg.  F.,  but  with  the 
temperature  mostly  at  about  40  deg.  F.  Larvae  were  removed  after  storage  at  the 
end  of  6,  S,  10,  12,  and  14  months.  Storage  for  6  to  8  months  had  no  appreciable 
effect  upon  larval  mortality.  After  10  to  12  months'  storage,  many  larva?  died  soon 
after  removal,  and  only  a  few  survived  14  months'  storage.  Yet  these  few  were 
thoroughly  normal,  and  upon  being  placed  in  a  sufficiently  warm  temperature  for 
feeding,  resumed  activity  and  transformed  the  pupae  and  adults  as  though  their  life 
had  not  been  prolonged  by  an  enforced  14-month  hibernating  period. 

These  facts  are  important  for  they  explain  why  patrons  have  at  times  fovmd 
living  robust  larvae  in  articles  several  days  after  removal  from  4  to  5  months  in 
cold  storage.  If  a  fairly  even  temperature  around  40  deg.  F.  has  been  maintained, 
such  a  discovery  is  to  be  expected  and  is  no  reflection  upon  the  storage  firm.  Experi- 
ments under  way  will  determine  definitely  the  effect  of  various  temperature  ranges 
upon  not  only  the  eggs  and  the  well-grown  larvse,  but  upon  the  larvae  of  different  ages. 

The  fur  storage  room  is  not  opened  to  much  of  any  extent  after  the 
goods  are  placed  in  storage  until  after  the  summer  is  over  and  the 
refrigeration  required  is  nearly  all  "  heat  leakage."  Such  storage  rooms 
require  no  windows  of  any  sort,  and  in  consequence  no  correction  haa 
to  be  made  for  window  infiltration  or  leakage.  Electric  lights  are  used, 
of  course,  but  the  amount  of  heat  generated  by  their  use  is  very  small 
after  the  goods  are  once  stored.  Only  one  door  is  usually  provided, 
and  that  is  of  the  usual  cold  storage  construction  and  is  generally  tight 
and  of  the  same  insulating  value  as  the  rest  of  the  room.  The  insulation 
is  usually  of  5  to  6-in.  corkboard,  erected  in  thicknesses  of  2  in.  with  the 
joints  broken  and  put  up  in  cement  mortar  or  asphalt.  A  half-inch 
cement  mortar  finish  is  given  the  inside  of  the  walls  and  the  ceiling. 

In  providing  refrigeration,  piping  in  the  rooms  is  almost  never  used, 
except,  perhaps,  in  the  very  small  rooms.  If  piping  is  used  it  should  be 
very  carefully  protected  so  that  the  frostation  on  the  pipes  could  never 
drip  on  to  the  goods.  There  is  danger  also  from  the  pipes  should  leaks 
occur,  both  from  the  brine  and  the  ammonia.  It  is  not  known  whether 
carbon  dioxide  is  innocuous  to  furs  and  fabrics,  but  the  understanding 
is  that  no  appreciable  harm  occurs.  The  preferred  method  of  cooling  is 
by  the  use  of  a  bunker  room.  With  small  rooms  the  air  may  be  admitted 
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in  one  or  two  places,  but  the  larger  rooms  need  distributing  ducts  for  the 
supply  and  the  return.  Such  ducts  may,  of  course,  be  designed  for 
velocities  as  high  as  2100  ft.  per  min.,  but  as  a  rule  lower  velocities 
are  used — from  1200  to  1600  being  usual.  Refrigeration  is  different 
from  heating  and  ventilation  as  regards  the  use  of  fans.  The  fan  not 
only  uses  power  to  drive  the  air,  but  the  heat  equivalent  of  the  work 
done  must  be  neutralized  by  the  use  of  the  refrigeration  machine. 
Excess  power  supplied  then  is  a  double  expense  in  the  case  of  refrigerating 
plants,  and  in  fact  there  is  required  a  i  ton  of  refrigeration  for  every 
horse  power  supplied  to  the  fan. 
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Fig.  283. — Simple  Bunker  Room  Coil  for  Direct  Expansion  of  Ammonia. 


The  hunker  is  usually  designed  (as  in  the  case  of  the  chocolate  dipping 
spray  chamber)  for  550  ft.  per  min.  air  velocity,  and  the  bunker  is 
usually  arranged  for  three  passes  of  the  air,  and  in  some  of  the  con- 
structions the  baffles  are  used  to  catch  the  condensate  and  guide  it  to 
the  waste  pipe.  Where  the  size  of  the  plant  warrants  it,  there  is  no 
reason  why  the  brine  spray  chamber  cannot  be  used,  with  eliminators 
as  in  the  case  of  the  cooling  of  air.  In  fact  there  are  now  on  the  market 
small  spray  cabinets  which  would  meet  any  requirement.  As  air  infiltra- 
tion is  very  small,  and  the  commodities  do  not  dry  out  as  do  vegetables, 
fruits  and  meats,  there  will  be  little  moisture  condensed  and  therefore 
very  little  trouble  from  diluting  of  the  brine. 
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The  figure  (Fig.  283)  shows  a  simple  pipe-coil  bunker  room  for 
ammonia.  Ammonia  piping  is  now  designed  for  little  or  no  return 
bends  or  other  fittings.  Instead  the  pipes  are  bent  and  the  separate 
pipes  are  welded,  usually  by  the  electric  method.  A  number  of  such 
pipes  are  welded  together  (as  many  as  can  be  handled  without  difficulty 
during  erection)  and  similar  units  are  joined  together  by  means  of  the 
usual  tongue  and  groove  flanges.  Or,  sometimes  the  job  is  made  up  at 
the  point  of  erection  by  the  use  of  thermit  welding  of  different  coils, 
and  in  this  manner  a  complete  welded  system  of  piping  is  obtained,  but 
thermit  welding  is  much  more  costly. 

TABLE  95 
Carload  Shipments  to  Principal  Cities 

Figures  containted  in  Information  Bulletin  No.  272,  of  the  Perishable 
Freight  Conservation  Bureau,  American  Association  of  Ice  and  Refrig- 
eration, give  some  idea  of  the  large  amount  of  fruits  and  vegetables  con- 
sumed in  the  principal  cities  of  the  United  States.  While  it  is  not  known 
just  what  proportion  of  these  cars  were  refrigerated,  it  is  presumed  that 
a  very  large  percentage  of  them,  owing  to  the  character  of  the  product 
transported,  were  under  refrigeration.  The  number  of  carloads  unloaded 
at  the  various  cities  are  as  follows : 

Unloaded  at  Carloads 

Boston 30,528 

Chicago 48,222 

Cleveland 12,389 

Cincinnati 10,573 

Detroit 11,969 

Kansas  City 7,601 

Minneapolis 3,797 

New  York 94,194 

Philadelphia 28,559 

Pittsburgh 20,145 

St.  Louis 12,115 

St.  Paul 1,891 

Washington,  D.  C 5,014 

In  the  case  of  certain  commodities  the  records  and  reports  did  not  begin  until 
June  1,  1923. 

From  the  foregoing  it  is  evident  that  the  refrigerating  load  is  a  small 
one.  It  is  almost  entirely  a  leakage  load,  and  therefore  it  depends  on  the 
insulation  provided.  With  5-  or  6-in.  corkboard  the  volume  of  space 
per  ton  of  refrigeration  is  about  3000  cu.  ft.  But  this  is  a  case  where 
the  load  can  be  calculated  with  great  precision  taking  the  maximum 
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Fig.  284.— Piping  for  Small  Cold  Storage  Boxes. 
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sustained  temperature  usual  in  the  locality  where  the  installation  is  to 
go,  and  designing  the  plant  for  not  more  than  12  hours"  operation, 
thereby  giving  a  factor  of  safety  if  more  severe  conditions  prevail. 

Ozone. — Ozone  when  used  in  cold  storage  work  is  in  amounts  less 
than  one  volume  in  one  milUon,  which  concentration  has  been  found 
to  be  non-germicidal.  Ozone  cannot  be  made  to  kill  flourishing  fungi 
when  used  in  such  small  concentrations,  but  it  is  quite  possible  to  pre- 
vent the  development  oi  fungi  by  its  use.  Ozone  ^^  will  inhibit  the  devel- 
opment of  spores  but  will  not  destroy  mold  growth.  "Ozone  is  a  pro- 
phylactic and  not  a  remedial  agent.  It  has  been  found  by  experiment 
that  air  with  a  mild  concentration  of  ozone  has  prevented  mold  growth 
in  egg  storage  carrydng  a  relative  humidity  of  90  per  cent.  In  egg  and 
bacon  rooms  with  very  high  humidity,  molds  have  been  effectively 
inhibited.  Equally  good  results  have  been  obtained  in  general  cold 
storage  practice."  ]\Ir.  Hartman  says  that  all  odorous  substances  give 
off  gases  or  finely  divided  particles,  and  when  oxidized  they  become 
non-odoriferous.  Ozone  has  been  found  satisfactory  for  freeing  the 
atmosphere  of  these  gases,  and  thus  preventing  taste  transfer  or  modifica- 
tion. Onions  can  be  stored  in  the  same  room  with  fruits  and  vegetables 
without  transfer  of  taste,  and  it  has  been  found  possible  to  combat  mold 
formation  on  grapes  and  other  fruits.  In  storage  of  such  commodities 
as  cheese,  the  air  in  the  room  has  been  maintained  fresh  and  free  from 
odors,  whereas  ozone  itself  has  never  caused  deleterious  effects  on  the 
goods  stored. 

Calculating  the  Refrigerating  Load. — The  refrigerating  load  is  very 
hard  to  calculate  at  times  with  accuracy,  and  so  it  has  become  the 
custom  of  refrigerating  engineers  to  use  the  method  of  the  rule  of 
thumb.  This  is  because  there  are  so  many  variable  factors  which  may 
affect  the  machine  capacity  or  the  amount  of  piping  in  the  room  that 
it  has  been  found  desirable  to  install  the  refrigeration  or  the  piping 
surface  from  experience  with  other  and  similar  jobs  where  satisfactory 
results  have  been  obtained.  For  example,  Fig.  284  gives  a  set  of  curves 
of  such  an  origin  for  different  sizes  of  boxes  and  operating  temperatrres 
and  conditions,  such  as  whether  the  boxes  are  to  be  "  opened  fre- 
quently "  or  "  seldom."  It  is  quite  evident  that  such  curves  have  a 
value,  but  the  box  that  would  be  satisfactory  in  New  York  need  not 
necessarily  be  satisfactory  in  Alabama.  These  curves  then  are  for  the 
practice  on  which  they  were  based,  and  similar  curves  are  sometimes 
marked  for  "  good  insulation  "  and  for  "  poor  insulation."  However, 
the  small  cold  storage  box,  say  of  5000  cu.  ft.  interior  contents  and 

^^F.  E.  Hartman,  American  Society  of  Refrigerating  Engineers  Journal, 
November,  1924. 
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Fig.  285.— Piping  for  Cold  Storage  Rooms  with  Usual  Insulation. 


CALCULATING  THE  REFRIGERATING   LOAD 


453 


under,  is  practically  impossible  of  accurate  calculation  as  regards  the 
load  to  be  encountered.  Such  boxes  are  carelessly  cared  for,  the  doors 
are  opened  perniciously  and  often  left  open  needlessly.    The  small  box 
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1  Layer  of  paper 

(V'x  6"Strips  18" 0.  C.  horru. 
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Fig.  286. — Construction  of  Cold  Storage  Rooms  [for  Problem]. 


has  (unless  built  for  some  particular  purpose)  no  well-defined  load,  and 
so  the  surface  installed  in  such  boxes  must  be  hberal. 

The  piping  for  the  large  cold  storage  room  (Fig.  286),  on  the  contrary, 
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is  more  easily  calculated.  Such  a  room  is  likely  to  be  of  permanent 
building  construction,  and  the  insulation  will  be  comparable  with  the 
rest  of  the  building.  The  usual  manner  of  calculation  is  to  make  an 
estmiate  of  the  heat  leakage  under  the  assumed  conditions  and  then  the 
refrigeration  required  to  cool  the  "live  load."  The  following  illustrative 
example  will  serve  as  a  guide,  and  such  construction  is  representative  of 
the  temporary  buildings  constructed  by  the  United  States  Government 
for  the  army  cantonments.  The  calculation  is  identical  with  those  used 
in  Chapter  VI  in  solving  for  heat  leakage. 

Cold  Storage  Problem. — The  cold  storage  rooms  are  shown  in  Fig.  286.  The 
live  load  will  consist  of  the  following  commodities  received  daily : 

1  car  of  beef  (a  car  holds  40  beeves  at  600  lb.). 
20  barrels  of  apples. 
50  barrels  of  potatoes. 
20  cases  of  eggs  (of  60  lb.). 
10  tubs  of  butter. 

The  beef  and  butter  arrive  at  60  deg.  F.  The  apples,  potatoes  and  eggs  will  be  taken 
as  arriving  at  80  deg.  F.     The  operating  suction  pressure  will  be  taken  at  30  lb.  gage. 

Take  the  specific  heat  of  beef  =  0 .  77  (average) 

apples  =  0.9'2 

potatoes  =0.80 

butter  =  0 .  60 

eggs  =0.76 

The  outside  temperature  will  be  taken  at  90  deg.  F.,  and  the  temperature  in  the  beef 
and  the  provision  rooms  will  be  held  at  33  degrees.  The  first  problem  will  be  the 
calculation  of  the  heat  leakage. 

Wall  "A  ". — This  is  composed  of  |-in.  sheathing,  ^-in.  flaxlinum,  9  in.  of  shavings, 
5  in.  stucco,  and  ^  in.  flaxlinum  (neglect  insulation  effect  of  building  paper). 

Using  the  formula  for  heat  leakage 


fci  '^'  ^2  "^  Ci  "^  Ci  "*"  C,  "^  Ci  ^^''' 


using  the  values  for  this  construction, 

1 


=  0.03745. 


J_         1  1         (i  +  i)X24       9X24       0.75 

1.4^4.2       1.0  7.9  10  8.0 

Ceiling  "E." — 2-|  in.  sheathing,  2-5  in.  fla.xlinum,  and  8  in.  shavings. 

1 


J_         1_       2       (I  +  ^)  X  24       8  X24 
1.4       4.2       1  7.9  10 


=  0.0397. 
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Wall  "C." — This  is  the  same  as  the  E  construction. 
u  =  0.0397. 


Floor  "G." 


1 


1  1         3       10X24       3.0 

h \ \ H 

0.93       4.2       1  10  8.0 


=  0.03486. 


Heat  Leakage  (meat  room): 

Sides  and  2  ends         0.03745  X  (644  +  205  +  205) (90  -  33)  =  2250  B.t.u. 

Floor  0.03486  X  674  X  (90  -  33)  =  1340  B.t.u. 

Ceilinc  0.0397     X  674  X  (90  -  33)  =  1526  B.t.u. 

Side  0 .  0397     X  448  X  (33  -  33)  =0  B.t.u. 

Side  (shipping  room)  0.0397     X  184  X  (90  -  33)  =    416  B.t.u. 


Add  20  per  cent 


Total  =  5532  B.t.u. 
1106 


Heat  Leakage  (provision  room): 

Side  and  one  end  0.0397     X  (448  +  203) (90  - 
Floor  0.03486  X  (464) (90  -  33) 

Ceiling  0.0397    X  464  X  (90  -  33) 

One  end  0.03745  X  203  X  (90  -  33) 


6638  B.t.u.  per  hr. 

33)  =  1474  B.t.u. 

=  922  B.t.u. 

=  1050  B.t.u. 

=  433  B.t.u. 


Total  =  3879  B.t.u. 
Add  20  per  cent  776  B.t.u. 


The  second  problem  is  the  calculation  of  the  live  load, 
temperature  of  the  commodities  is  reduced  to  33  deg.  F. 


4655  B.t.u.  per  hr. 

The  assumption  is  that  the 
in  24  hours. 


Live  Load 

Specific 
Heat 

Degrees 
Cooling 

Total 
Weight 

40X600 

20X150 
50X180 
10X63 
20X60 

Total 
Refrigera- 
tion, 
B.t.u. 

Beef 

0.77 

27 

499,000 

129,500 

338,500 

10,200 

42,900 

Apples 

Potatoes 

Butter 

EEres 

0.92 
0.80 
0.60 
0.76 

47 
47 

27 
47 

Total      ...    . 

521,100 

Total  Load,  meat  room,  per  hour  =  499,000  -:-  24  +  6638  =  27,430  B.t.u.  per  hour. 
Provision  room  =  521,100  -=-  24  +  4655  =  26,360  B.t.u.  per  hour. 
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Piping  required: 

Meat  room  27,430  ^  [1.6  X  (33.0  -  16.6)]  =  1045  sq.  ft. 

=  2405  lin.  ft.  U-in.  pipe. 
Provision  room  26,360  -=-  [1.6  X  (33.0  -  16.6)]  =  1002  sq.  ft. 

=  2320  lin.  ft.  U-in.  pipe. 

The  arrangement  of  the  piping  will  be  as  indicated  by  Fig.  287,  which  .shows  the 
expan.sion  valve  between  two  stop  valves  and  the  liquid  feed  at  the  l:)ottom  of  the 
coils.  An  allowance  of  20  per  cent  excess  heat  leakage  is  made  for  the  opening  of 
doors,  the  heating  effects  of  lights  and  of  worlcmen  in  the  room,  etc.  It  is  assumed 
that  the  live  load  will  be  reduced  to  such  an  extent  that  the  temperature  of  the  com- 
modities will  be  taken  at  33  deg.  F.  at  the  end  of  24  hours,  and  that  the  coefficient 


of  heat  transfer  (k)  of  the  pipes  is  equal  to  1.6   B.t.u.^''     The   tonnage   on    the 


machine  becomes 


27,430  +  26,360 


=  4.47  tons.      The    size  of  the  suction  line  is 


12,000 

found  (at  155  lb.  condenser  pressure  and  30  lb.  suction  pressure,  and  with  a  velocity 

of  the  gas  in  the  return  suction  line  of  4000  ft.  per  minute,  by  the  following  method) : 

200 

Volume  of  gas  X  6.35  X  4.47  =  11.9  cu.  ft.  per  min.     The  cross- 

616.8  —  139. 1 

**  The  value  of  1 .6  for  k  is  low,  but  is  conservative  on  account  of  possible  frosta- 
tion  of  the  pipes  and  careless  operation. 
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Fig.  288. — Brine  Tubes  and  Ammonia  Piping  in  Pipe  Deck. 
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TABLE  96 

Composition  and  Specific  Heat  of  Food  Products  and  Storage  Temperatures 


Temper- 
ature 
Carried 

Composition,  Per  Cent 

Specific 

Heat  above 

Freezing 

Specific 

Heat  below 

Freezing 

Latent 
Heat  of 
Freezing 

Product 

Watt^r 

Solids 

Lean  beef 

30 
30 
30 
34 
33 
33 
33 
35 
35 
15 
28 
23 

72.00 
39.00 
70.00 
74.00 
91.00 
83.00 
69.25 
87.50 
80.38 
78.00 
73.70 
100.00 

28.00 
61.00 
30.00 
26.00 

9.00 
17.00 
30.75 
12.50 
19,62 
22.00 
26.30 

0.00 

.77 
.51 
.76 
.80 
.93 
.87 
.68 
.90 
.84 
.82 
.80 
1.00 

0.41 
.30 
.40 

.42 
.48 
.45 
.38 
.47 
.44 
.43 
.42 
.504 

104 
56 

Eggs 

Potatoes 

Cabbage 

Carrots 

Cream 

Milk 

101 
107 
131 
120 

85 
126 

Oysters 

Whitefish 

Chickens 

Ice 

116 
112 
106 
144 

Approximate  Cold  Storage  Temperatures 


Article 


Temperature, 
Degrees  F. 


Apples 

Asparagus 

Bananas 

Beans,  fresh 

Beans,  dried 

Beef,  fresh,  short  carry 

Beef,  fresh,  long  carry 

Beef,  dried 

Beer,  in  barrels 

Beer,  in  bottles 

Berries,  fresh,  short  carry... 

Buckwheat  flour 

Butter 

Butterine 

Cabbage 

Cantaloups,  short  carry.  .  .  . 

Cantaloups,  long  carry 

Carrots 

Celery 

Cheese,  long  carry 

Chestnuts 

Chocolate  dipping  room.  .  .  . 

Cider 

Cigars 

Corn,  dried 

Cornmeal 

Cranberries 

Cream,  short  carry 

Cucumbers 

Currants,  short  carry 

Dates 

Eggs 

Figs 

Fish,  not  frozen,  short  carry 
Fish,  fresh  water,  frozen. . .  . 
Fish,  salt  water,  not  frozen . 

Fish,  to  freeze 

Fish,  dried 

Flowers,  cut 

Fruits,  canned 

Fruits,  dried 

Furs 

Game,  short  carry 

Game,  after  frozen 

Game,  to  freeze 

Ginger  ale 

Grapes 

Hams,  not  brined 

Hogs 

Honey 

Hops 


30 
33 
55 
32 
45 
35 
30 
40 
32 
45 
40 
42 
14 
20 
33 
40 
33 
33 
32 
35 
31 
65 
32 
42 
45 
42 
33 
33 
3S 


30 
55 
28 
18 
15 

5 
40 
36 
40 
40 
28 
28 
10 

0 
36 
36 
20 
30 
45 
3!> 


Article 


Huckleberries,  frozen. .  .  . 

Ice 

Ice  cream,  short  carry.  .  . 

Lemons,  short  carry 

Lemons,  long  carry 

Lambs 

Lard 

Livers 

Maple  syrup  and  sugar.  . 

Meats  canned 

Meats,  salt,  after  curing. 

Milk,  short  carry 

Nursery  stock 

Nuts  in  shell 

Oatmeal 

Oils 

Oleomargarine 

Onions 

Oranges,  short  carry .... 

Oranges,  long  carry 

Oxtails 

Oysters  in  shell 

Oysters  in  tubs 

Parsnips 

Peaches,  short  carry 

Pears 

Peas,  dried 

Plums 

Potatoes 

Poultry,  dressed,  iced .  .  . 

Poultry,  short  carry 

Poultry,  after  frozen.  .  .  . 

Poultry  to  freeze 

Raisins 

Ribs,  not  brined 

Salt  meat  curing  room. . . 

Sardines,  canned 

Sauerkraut 

Sausage  casings 

Scallops,  after  frozen .... 

Sheep 

Shoulders,  not  brined. . . . 

Sugar 

Syrup 

Tenderloins 

Tobacco 

Tomatoes,  ripe 

Watermelons,  short  carry 

Wheat  flour 

Wines 

Woolens 


Temperature, 
Degrees  F. 


20 
28 
15 
50 
38 
32 
40 
20 
45 
40 
43 
35 
30 
40 
42 
45 
20 
32 
50 
34 
30 
43 
35 
32 
50 
33 
45 
32 
34 
30 
28 
10 
0 
55 
20 
32 
40 
38 
20 
16 
32 
20 
45 
45 
33 
42 
42 
40 
42 
50 
28 
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TABLE  96— Continued 
Cold  Storage  Practice 


Temperature 
cf  Storage, 
Degrees  F. 


35 

32  to  34 

30  to  31 

2  or  lower 

30  to  35 

34 

34 

35 


Humidity, 
Per  Cent 


80  to  90 
70  to  80 

75 

70 

85 
80  to  90 
80  to  90 

80 


Allowances 


1  bbl.  =  31i  gal.  of  231  cu.  in.  each. 

1  bushel  =   1.245  cu.  ft.  =  2150.4  cu.  in. 

1  bbl.  potatoes  —  5  cu.  ft.  =   180  lb.  =   2}  bushels. 

1  box  cheese  =  60  lb.  =  2  cu.  ft. 

1  case  eggs  =  30  doz.  =   50-70  lb.  =  2i  cu.  ft.  =   12  X  13  X  25. 

1  tub  butter  =  63  lb.  =   I5  or  2  cu.  ft.  (piles  not  over  6  ft.). 

1  bbl.  apples  =   150  lb.,  5  cu.  ft.  =  2J  bushels. 

1  crate  celery  =   10  cu.  ft.  =   140  lb.  =   24   X  24   X  30  in.  (3  ft.  high). 

1  bbl.  vegetables  =  5  cu.  ft.,  piles  5  ft.  high. 

1  box  oranges  (packed  on  end)  =  4  cu.  ft.,  70  lb.  =  boxes  15  X15  X30. 


Aisles — Allow  5  for  eggs,  celery  and  oranges. 

Allow  s  for  potatoes  and  vegetables. 

Allow  i  for  mutton,  pork,  poultry  (4  ft.  high). 
Specific  gravity  of  boned  beef  =  1073  =  67.2  lb.  per  cu.  ft. 


sectional  area  of  the  suction  pipe  = 


11.9  X  144 
4000 


=  0.428  sq.  in.,  and  as  the   f-in. 


pipe  has  a  transverse  area  of  0.533  and  the  ^-in.  pipe  has  one  of  0.304  sq.  in.  the 
|-in.  pipe  would  be  the  one  to  be  chosen  for  satisfactory  results  unless  the  connec- 
tions on  the  compressor  are  for  a  larger  pipe  and  it  seems  desirable  to  make  the 
entire  suction  pipe  of  this  size. 


Hold  Over  Tanks  and  Pipes. — Small  plants  find  it  uneconomical  to 
operate  at  times  more  than  10  to  12  hours  per  day.  Such  plants,  if 
considerable  temperature  rise  is  to  be  prevented,  require  under  these 
conditions  either  brine  operation  and  a  brine  tank  of  sufficient  storage 
capacity  to  carry  the  load  during  periods  of  shut-down  of  the  compressor, 
or  must  provide  some  auxihary  means  to  absorb  the  heat  leakage  during 
this  part  of  the  day.  The  accepted  method  is  to  use  brine  storage  (of 
congealing)  tank  or  tubes.  In  either  case  a  certain  amount  of  brine  is 
cooled  during  the  normal  operation  of  the  compressor,  at  the  same  time 
that  the  room  is  cooled  by  the  usual  piping,  and  piping  arrangements, 
by  means  of  direct  expansion  piping  submerged  by  the  brine,  are  so 
located  as  to  take  the  place  of  the  direct  expansion  piping.  This  scheme 
is  seldom  better  than  a  compromise,  but  there  is  some  advantage  in  its 
use.  At  times  6-in.,  7-in.  or  8-in.  pipe  can  be  used  to  better  advantage 
than  a  tank,  in  which  case  the  pipes  are  filled  with  brine.  If  in  the  previ- 
ous problem  the  provision  room  was  to  be  controlled  during  12  hours  by 
the  brine  pipe  the  leakage  would  be  (for  70  deg.  F.  average  temperature 
outside)  2520  B.t.u.  per  hour,  and  in  12  hours  this  would  accumulate  to 
30,240  B.t.u.    If  the  brine  is  cooled  20  degrees  below  the  temperature  of 
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the  room  (that  is  to  13  deg.  F.),  and  the  brine  rises  15  degrees  during  the 
12  hours,  the  requred  amount  of  brine  becomes 

30,240  =  Weight  X 0.83  X  15. 

Weight  of  brine  =  30,240  ^  12.45  =  2430  lb., 

and  using  a  specific  gravity  of  brine  of  1.16, 

2430  H-  (1.16  X  62.3)  =  33.7  cu.  ft. 


Brine  cooler 


Fig.  289. — Problem  in  Brine  Piping. 

TABLE  97 
Refrigerated  Space — Summary  by  Class  of  Business,  October  1,  1925 


Ciass  of  Business 


Num- 
ber   of 
Con- 
cerns 


Space,  in  Cubic  Feet,  Held  at  Temperatures  of 


10  Deg.  F. 
and  below 


11  Deg.  to 
29  Deg.  F. 
inclusive 


30  Deg.  to 
44  Deg.  F. 
inclusive 


45  Deg.  F. 
and  above 


Total 
Space 


Public  cold  storage 

Private  cold  storage 

Combined  public  and  private 
cold  storage 

Meat-packing  establishments.. 

Meat-packing  establishments 
doing  a  public  cold-storage 
business 

Total  refrigerated  space  .  . 


416 

264 


212 
397 


34 


41,311,130 

3,288,072 


8,450,311 
11,530,051 


4,142,218 


20,196,430 
5,313,301 


11,173,425 
16,458,902 


6,272,375 


175,244,429 
14,291,508 


36,383,333 
195,026,108 


41,067,020 


5,811,924 
1,172,946 


1,027,711 
23,150,561 


5,355,995 


242,563,913 
24,065,827 


57,034,780 
246,165,622 


56,837,608 


1323 


68,721,782 


59,414,433 


462,012,398 


36,519,137 


626,667,750 
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The  number  of  pipes  for  this  amount  of  hold-over  brine  can  be  calculated 
when  the  other  details  are  known.  If  8-in.  pipe  is  used,  then  2.88  ft. 
are  required  to  contain  one  cubic  foot,  and  the  total  linear  feet  required 
will  be  97.1. 

Friction  Head  in  Brine  Pipes. — Considering  the  importance  of  brine 
in  refrigeration  it  is  surprising  how  little  information  on  the  friction  head 


10" Pump  (iis'charge  to  cbbiers ' 
Fig.  290. — Typical  Installations — Brine. 

loss  due  to  the  flow  of  brine  in  pipes  has  so  far  been  collected.  The  only 
information  on  the  subject  is  that  of  A.  H.  Gibson,  of  the  University 
College,  Dundee,^^  in  which  it  is  shown  that  the  coefficient  of  friction 
head  increases  both  with  the  specific  gravity  and  with  a  decrease  of 
temperature.     The  results  of  his  experiments  are  shown  in  Fig.  181, 

'5  Professor  A.  H.  Gibson,  Proceedings  of  the  Inst,  of  Mech.  Eng.,  London,  Feb., 
1914,    See  Chapter  VIII  for  details  on  this  paper. 
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Fig.  292. — Typical  Installations — Packing  House. 


To  face  pajje  4^1 


One  coil  12  pipes  wide  x  3 

K92'0'long  =  3312'-03  , 
--r^, _>ll^ <:rlj 


Fig.  293. — Typical  Piping — Ammonia. 
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which  give  viultiplying  factors  (with  reference  to  the  friction  head  of 
water)  to  be  used  in  conjunction  with  Fig.  180.  To  use  these  figures 
the  friction  head  will  be  found  as  if  the  fluid  flowing  were  water  and  the 
proper  multiplying  factor  must  be  found  from  Fig.  181.  The  use  of  the 
tables  will  be  shown  in  the  following  problem. 

Problem. — A  brine  coil  of  10,000  lin.  ft.  of  2-in.  pipe  is  located  on  the  10th 
floor  of  a  warehouse.  The  brine  circuit  consists  of  the  following:  The  refrigerating 
coils,  of  2-in.  pipe,  10,000  lin.  ft.  in  10  coils;  distance  from  the  brine  cooling  coils  to 
riser,  108  lin.  ft.  3-in.  pipe;  the  riser,  121  lin.  ft.  3-in.  pipe;  riser  to  brine  cooler 
and  pump,  75  lin.  ft.  3-in.  pipe;  total  pipe  in  the  circuit,  10  coils  of  2  in.  each 
1000  ft.  and  304  ft.  of  3-in.  pipe. 

The  freezer  room  is  to  be  maintained  at  32  deg.  F.  and  the  brine  will  enter  at 
18  degrees  and  will  leave  at  22  degrees.  The  coefficient  of  heat  transfer  will  be  taken 
at  1.7  B.t.u.  for  the  piping.  The  amount  of  brine  to  be  circulated,  the  friction 
head  loss  and  the  horse  power  of  the  pump  assuming  an  overall  efficiency  of  50  per 
cent  is  desired.    The  arrangement  of  the  piping  is  indicated  in  Fig.  290. 

The  amount  of  brine  to  be  circulated  may  be  found  by  the  amount  of  cooling 

surface.     Using  a  value  of  A;  =  1.7  B.t.u.,  the  total  refrigeration  becomes  (10,000 

/           22  +  18\ 
4-1.6)  X  1 .7  X  (32 ~ )  =  127,400  B.t.u.  per  hour  where  the  factor  1.6 


2 
is  the  number  of  feet  of  2-in.  pipe  per  one  sq.  ft.  of  outside  surface. 

127,400  =  wt.  brine  X  0 .  76  X  4. 

Wt.  =  127,400  -  (0.76  X  4)  =  41,900  lb. 

=    41,900  4-  (62.4  X  1.15)  =  584  cu.  ft.  per  hour 
=    72.7  gal.  per  minute. 

From  the  chart  it  will  be  seen  that  at  a  velocity  of  3.4  ft.  per  sec.  a  3-in.  pipe  will 
have  a  pressure  drop  per  100  ft.  of  pipe  of  0 .  72  lb.  (for  water)  and  the  friction  head 
loss  in  the  cooling  coils  (7.3  gal.  per  min.  in  2-in.  pipe)  will  be  0.072  lb.  per  100  ft. 
The  total  friction  head  loss  is  then, 

0.072  X  1.3  X  10  =  0.935  1b. 

(2  X  108  -h  2  X  121  +  2  X  75) 


100 


X  0.72  X  1.3  =  5.69 


Total  =  6.63  1b. 
Add  20  per  cent  for  fittings,  etc.  =  1 .33 

Total  =  8.0  1b. 
Work  performed  =  (41,900  4-60)  X  16.0  =  11,200  ft.-lb. 

11,200  4-  33,000  =  0. 340  hp.  for  circulating  the  brine. 
=  0.680  hp.  of  the  pump  assuming 
50  per  cent  efficiency. 

This  work  performed  is  under  the  conditions  of  a  balanced  system  for  the  brine. 
Certain  types  and  designs  are  shown  in  Figs.  290  to  293.  When  the  open  brine  design 
is  used  with  sprays,  the  head  on  the  pump  is  the  actual  lift  plus  the  friction  and  the 
velocity  heads.    The  work  performed  is  then  much  greater. 
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The  Extent  of  the  Industry. — According  to  the  Bureau  of  Agriculture 
Economics  for  October,  1921,  the  total  refrigerating  space  in  the  packing 
plants  in  the  United  States  amounts  to  258,549,000  cu.  ft.  Of  the 
amount,  which  includes  443  plants,  15,400,000  cu.  ft.  are  held  at  10  deg.  F. 
or  lower;  18,300,000  are  held  at  temperatures  between  11  and  29  deg.  F., 
and  200,000,000  cu.  ft.  are  held  at  temperatures  ranging  from  30  to  44 
deg.  F.  The  total  refrigerating  space,  according  to  the  same  authority, 
is  543,600,000  cu.  ft.  Of  this.  Armour  and  Company  have  17,000,000 
cu.  ft.  in  Chicago,  and  9,500,000  cu.  ft.  in  Kansas  City,  requiring  4380 
and  3120  tons  of  refrigeration  respectively;  Morris  and  Company 
have  13,000,000  cu.  ft.  in  Chicago  and  8,000,000  cu.  ft.  in  Kansas  City, 
requiring  3450  and  2100  tons  of  refrigeration  respectively. 

Published  statistics  by  the  Bureau  of  Animal  Husbandry  of  the 
United  States  Department  of  Agriculture,  1921,  indicate  that  a  total  of 
63,415,000  animals  were  slaughtered  in  1920  under  inspection,  including 
7^600,000  cattle,  3,800,000  calves,  13,000,000  sheep  and  lambs,  and 
39,000,000  hogs.  At  least  80  per  cent  of  this  total  amount  requires 
mechanical  refrigeration  for  a  short  time  at  least,  although  the  average 
time  is  between  one  and  two  months,  and  the  average  time  after  slaugh- 
tering before  the  meat  is  consumed  is  less  than  two  months.  A  very 
small  percentage  (5  per  cent)  of  the  meat  is  frozen  and  is  held  in  freezer 
storage. 

The  packing  house  practice  has  been  a  development,  as  in  other 
applications  of  refrigeration.  There  are  two  main  operations — the  chill- 
ing of  the  hot  freshly  slaughtered  animals  and  the  maintaining  of  cold 
or  freezer  storage.  In  general  "  forced  "  draft  or  the  forcing  of  chilled 
air  through  pipes  or  ducts  is  not  used  in  American  practice,  because  of 
the  belief  that  it  causes  shrinkage,  tends  to  darken  the  meat,  that  the 
increased  pressure  necessary  to  circulate  the  air  causes  excessive  air 
leaks,  and  because  of  the  expense  for  the  operation  of  the  fan  and  the 
space  occupied  by  the  air  ducts.  A  modified  system  using  "  sprays  " 
either  in  a  loft,  troughs,  or  in  pipes  is  a  modern  successor  to  the  old 
duct  system. 

The  use  of  direct  expansion  or  of  brine  is  a  matter  for  individual 
decision,  although  certain  factors  tend  to  swing  the  preference  towards 
the  use  of  brine.  One  of  the  important  reasons  is  because  of  the  danger 
in  the  use  of  direct  expansion  of  ammonia  by  the  class  of  labor  to  be 
found  in  the  packing  plant.  Also  the  long  pipe  systems  represent  a  heavy 
investment  of  ammonia — a  large  part  of  which  would  be  lost  (with  a 
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forced  shut-down)  by  accident  to  any  part  of  the  ammonia  system,  as 
well  as  likelihood  of  heavy  replacement  expense  due  to  flange  or  other 
leaks.  Brine  is  much  more  flexible,  the  temperature  is  easy  to  control, 
"  off  peaks  "  operation  is  possible,  brine  spraying  is  available  and  the 
piping  is  cheaper.  When  necessary,  a  —  20  deg.  F.  calcium  chloride 
brine  can  be  carried. 

The  Balanced  System. — When  brine  is  used  the  preferred  method  is 
to  use  a  balanced  system  whenever  possible.  By  this  means  the  piping 
acts  as  a  syphon  and  the  pumping  cost  is  that  of  overcoming  the  pipe 
friction  only.  By  the  proper  use  of  the  balance  tank,  the  pipes  are  kept 
full  of  liqviid  all  the  time,  and  the  pressure  against  which  the  pump  has 
to  work  should  be  only  20  to  25  lb.  for  a  nine  story  building.  This  is 
called  a  closed  brine  sj^stem.  The  cooler  lofts  sometimes  have  brine 
defrosting  pipes,  in  which  case  some  form  of  concentrator  should  be 
provided  in  order  to  conserve  the  salt.  One  method  of  removing  the 
frost  is  to  arrange  a  slotted  2-in.  brine  pipe  over  each  bank,  so  piped  that 
defrosting  is  possible  by  permitting  brine  to  drop  from  pipe  to  pipe. 
Usually  one-third  of  the  coils  are  defrosted  at  a  time.  Heavy  frost 
accumulations  are  very  detrimental  to  heat  transfer,  and  the  refriger- 
ating ability  is  thereby  reduced.  At  times  one  hears  that  as  the  outside 
of  the  pipe  becomes  larger  the  total  transfer  of  heat  must  remain  prac- 
tically constant.  The  same  argument  would  be  true  in  the  case  of  pipe 
covered  with  magnesia  or  corkboard  (as  far  as  the  outside  diameter  of 
the  surface  is  concerned) .  The  brine  flowing  over  the  pipes  must  be  kept 
concentrated  so  as  not  to  freeze  on  the  pipes. 

If  an  "  open  "  brine  system  is  used  there  is  an  advantage  at  times  in 
installing  the  balance  tank  at  a  point  best  located  to  receive  the  drain 
from  the  brine  spray  nozzles.  The  closed  pipe  portion  also  empties  into 
the  tank  and  a  booster  pump  supplies  the  extra  pressure  required  for  the 
sprays.  Any  open  brine  system  will  absorb  moisture  from  the  air  and 
in  the  best  chill  rooms  the  shrinkage  is  at  least  1^  to  2  per  cent.  As  the 
steam  from  the  carcasses  must  be  absorbed  by  the  brine  it  is  evident 
that  the  brine  must  be  either  thrown  away  or  reconcentrated.  One 
type  of  concentrator  is  a  Baudalot  arrangement  where  the  brine  passes 
upward  inside  17  pipes,  then  up  to  a  trough  at  the  top  of  the  stand  and 
then  downwards  on  the  outside  of  six  steam-heated  pipes  and  then 
outside  the  17  pipes  already  mentioned  as  a  counterflow  to  the  brine 
inside  of  the  pipes.  The  six  upper  pipes  provide  the  heating  surface  for 
the  concentration,  although  it  is  evident  that  the  next  two  or  three  are 
of  some  assistance  in  providing  the  time  required  for  the  removal  of  the 
steam.  An  open  vat  (steam  heated)  could  be  used,  but  if  the  exchanger 
principle  is  lost  the  design  is  not  an  economical  one. 
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TABLE  99 
Wholesale  Meat  Markets 

Refrigeration  Data 


Kw.   Hours 

Cooler 

Horse- 

Tons 

Cubic 

Kw.  Hours 

per  Year 

Temper- 

power 

Feet 

per  Year 

per  Cubic 

ature, 

Foot 

Degrees  F 

15 

8 

22,980 

25,723 

1.12- 

10 

6 

15,732 

30,448 

1.93 

25 

15 

21,384 

42,636 

2.00 

30 

12  ji 

23,190 

30,456 

1.31 

20 

10 

7 

7,690 

14,880 

1.93 

20 

50 

20 

94,000 

159,250 

1.69 

30 

1.  Philadelphia.  Pa 

2.  Philadelphia,  Pa 

3.  Philadelphia,  Pa 

4.  Chicago,  111 

5.  Chicago,  111 

6.  Pittsburgh,  Pa.. 


Packers 


7.  Chicago,  111 

30 

15 

4.340 

6,000 

1.38 

36 

8.   Pittsburgh,  Pa 

30 

15 

39.680 

76,292 

1.93 

36 

9.   Pittsburgh,  Pa 

30 

15 

37,450 

171,144 

4.61 

40 
(2  comp.) 

10.   New  Orleans,  La. .  .  j 

30 

15 

54.500 

51,372 

0.944 

35 

5 

2 

1.440 

7,580 

5.27 

40 

I 

65 

20 

94.000 

139,225 

1.47 

33 

Pruvisions 

11.   New  York,  N.  Y 

15 

8 

10,505 

23,412 

2.24 

36 

12.   New  York,  N.  Y 

10 

4 

38,880 

25,783 

0.665 

38 
(makes  ice) 

13.   Chicago,  111 

15 

8 

8,820 

12,204 

1.38 

41 

Retail  Meat 

14.   Philadelphia,  Pa 

15 

8 

3,000 

9,949 

3.3 

35 

15.   New  Orleans,  La 

7 

2 

1,490 

4,600 

3.1 

16.   Chicago,  111 

15 

8 

4,629 

26,808 

5.8 

36 

17.   Chicago,    111 

5 

2 

1,706 

3,408 

2.0 

43 

18.   Philadelphia,  Pa 

Ti 

4 

2,500 

11,099 

4.45 

Fur  Storage 

19.   Brooklyn.  N.  Y 

39  i 

20 

56,775 

19,760 

0.35 

30 

20.   New  York,  N.  Y 

7\ 

4 

5,722 

1,931 

0.34 

20 

21.   New  York,  N.  Y 

15 

10 

33,120 

23,000 

0.70 

16 

22.  New  York,  N.  Y 

30 

15 

40,500 

27,321 

0.67 

32 
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Chilling. — The  best  practice  at  present  is  to  place  the  beef,  sheep, 
and  veal  immediately  in  the  chill  rooms  after  the  hides  have  been 
removed.  The  maximum  time  interval  for  standing  in  the  air  is  a  half 
hour.  This  chill  room  or  fore-cooler  is  at  45  to  48  deg.  F.,  and  an 
attempt  is  made  to  bring  the  temperature  down  to  38  degrees  in  12  hours. 
The  feeling  prevails  in  Chicago  that  hogs  can  be  air  dried  over  night  and 
are  improved  in  the  process  but  careless  handling  may  cause  sour  meat. 
The  use  of  fore-coolers  to  separate  freshly  killed  carcasses  from  chilled 
ones  is  still  a  disputed  practice,  but  it  is  favored  by  many  if  space  will 
permit  it.  The  meat  should  hang  12  in.  apart  in  the  chill  rooms,  but 
heavy  cattle  should  be  18  in.  apart  in  order  to  provide  circulation.  The 
fore-cooler,  if  used,  should  be  kept  as  near  38  deg.  F.  as  possible,  although 
43  degrees  is  not  bad  for  beef.  If  the  main  cooler  is  fitted  for  a  fore- 
cooler  it  should  be  held  at  a  maximum  temperature  of  38  deg.  F.  and  it 
should  be  cooled  to  34  deg.  F.  in  12  to  15  hours,  and  this  34  degrees 
should  be  held.  Heavy  cattle  and  frozen  meat  for  export  have  special 
treatment.  For  example,  heaxy  cattle  should  be  carried  at  32  deg.  F.  for 
24  hours,  then  at  34  deg.  F.  if  used  for  domestic  trade.  For  export, 
reduce  to  29  degrees  as  quickly  as  possible,  and  keep  at  that  temperature 
until  "  floated."  Mutton  and  veal  are  handled  about  the  same  as  beef. 
Pork  is  air  cooled  (for  the  first  two  hours  at  least),  and  is  hung  in  a  32- 
degree  room  which  is  not  allowed  to  rise  above  38  degrees.  This  room 
temperature  is  reduced  to  32  degrees  in  12  hours. 

Refrigeration.  The  calculation  of  the  refrigeration  load  is  usually 
by  rule  of  thumb.  The  daily  kill  ^^  is  a  favorite  method,  as  one  ton  of 
refrigeration  is  required  in  the  ratio  of  the  following  number  of  animals 
slaughtered  daily: 

5  to  6  cattle  at  700  1b.; 

40  to  50  calves  at  80  lb. ; 

15  to  22  hogs  at  225  1b.; 

50  to  65  sheep  at  60  lb. ; 

1000  to  1300  chickens  at  3  lb. 

This  rule  takes  for  granted  that  the  rooms  are  properly    insulated. 
Where  the  piping  is  2-in.  direct  expansion  the  packing  house  rule  is: 


Warm  beef  cooler            requires 

1ft 

of  2-in. 

pipe  per  10 

Beef  cooler                              " 

12 

Sheep  cooler                           " 

12 

Hog  cooler                              " 

8 

Sausage  (at  30  deg.  F.)          " 

10 

Curing  cellars  (36  deg.  F.)     " 

18 

Freezers  (15  deg.  F.)              " 

6 

Freezers  (0  deg.  F.)               " 

2i 

1^  Accepted  practice,  authority  unknown. 
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A  rough  rule  requires  one  ton  of  refrigeration  per  7000  to  12,000  cu.  ft. 
of  space  at  33  to  38  deg.  F.  As  an  illustration  of  the  working  of  these 
rule-of-thumb  rules,  the  following  may  be  taken  as  an  example: 

Find  the  refrigeration  required  for  100  cattle  daily  killed,  and  hang- 
ing space  for  400  cattle,  6500  sq.  ft.  of  cooler  space  required  with  33  ft. 
ceiling  or  143,000  cu.  ft.  of  space;  for  250  hogs  daily  or  750  hanging 
space  allowing  3000  sq.  ft.  at  18  ft.  ceiling  or  54,000  cu.  ft.  and  a  storage 
for  a  total  turnover  in  60  days  (storage  for  1,500,000  lb.  of  meat  product) 


1 


''|\~ 


V/" 


Section  A- A 
Fig.  294. — Air  Cooling  with  Brine  Sprays. 


requiring  15,600  to  20,000  sq.  ft.  of  floor  and  200,000  cu.  ft.  of  space. 
As  a  by-product  there  will  be  10,000  lb.  lard  daily. 

Tons 

143,000  cu.  ft.  of  beef  cooler  at  1  ton  per  10,000  cu.  ft 14.3 

100  cattle  daily  at  500  lb 12.2 

54,000  cu.  ft.  hog  cooler  space  at  1  ton  per  10,000  cu.  ft 5.4 

250  hogs  at  180  lb 10.9 

200,000  cu.  ft.  cellar  space  at  1  ton  per  12,000  cu.  ft 16.6 

15  tons  of  ice  at  2 . 0  tons  of  refrigeration 30 . 0 

10,000  lb.  of  lard  (4  hours'  duration) 12.0 

100,000  cu.  ft.  freezer  space  at  1  ton  per  3000  cu  ft 35 . 0 

Total 136.4 

In  all  likehhood  rough  rules  like  the  preceding  have  been  satisfactory 
inasmuch  as  the  refrigeration  supplied  would  be  much  greater  than  the 
actual  requirements  in  order  to  permit  the  installation  of  sufficient  spares 
to  insure  continuity  of  operation  in  the  time  of  breakdown.  It  seems 
likely,  however,  that  in  the  future  the  refrigeration  requirements  will  be 
more  carefuUy  calculated,  i.e.,  a  determination  of  the  heat  leakage  and 
the  live  load. 

Brine  sprays  have  been  used  in  the  packing  plant  for  years  with 
varying  success.  The  older  designs  used  a  semi-sohd  spraj^  which  pro- 
vided circulation  but  was  not  efficient.  During  the  chilling  process  a 
large  amount  of  steam  is  thrown  off  into  the  air,  the  shrinkage  of  weight 


470 


COLD  STORAGE 


being  usually  1§  to  2  per  cent  by  weight  of  the  carcass,  but  sometimes  as 
much  as  3  or  4  per  cent.  The  packer  desires  to  reduce  this  loss  to  a 
minimum  because  of  the  loss  of  weight  of  the  product,  as  well  as  the 
difficulty  met  with  at  times  from  the  large  amount  of  frost  accumulation 
on  the  pipes.  The  chill  room  is  always  made  with  a  loft  in  order  to  get 
a  lively  circulation  of  air,  and  circulation  is  always  required  if  quick 
cooling  is  in  demand.  Such  lofts  are  shown  in  Figs.  292  and  299,  giving 
an  example  of  the  arrangement  of  piping  and  sprays. 


Plan 
Fig.  295. — Air  Cooling  with  Brine  Sprays. 


The  Spray  System. — The  best  results  with  sprays^'^"  are  obtained 
with  atomizing  nozzles.  With  such  sprays,  hogs  dressed  at  225  lb.  can  be 
chilled  to  inside  ham  temperatures  of  36  deg.  F.  in  24  hours  with  25  deg. 
brine,  using  30  lb.  suction  pressure  at  the  compressor.  Beef  can  be 
chilled  to  from  34  to  36  deg.  F.  (inside)  in  36  hr.  using  weak  brine  or  possi- 
bly water  sprays  at  33  degrees  and  at  a  great  saving  in  the  shrinkage.  The 
great  advantage  in  the  use  of  sprays  is  the  quick  removal  of  the  moisture 
in  the  air,  the  rapid  circulation  and  the  ready  capacity  variation  by 
decreasing  the  nozzle  pressure,  or  the  brine  or  the  water  temperature. 

16"  Samuel  Bloom,  The  National  Provisioner,  February,  1924.  American  Society 
of  Refrigerating  Engineers,  Journal,  1921. 
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The  objection  is  the  shrinkage  and  the  danger  of  the  mists  carrying  over 
and  being  deposited  on 


the  meat.  Up  to  the 
present,  water  in  the 
sprays  of  chill  rooms 
has  not  been  found 
practical,   and   the   re- 


m=st 


:© 


suit  is  that  salt  brine 
(NaCl)  is  always  used. 
In  order  to  decrease 
the  shrinkage  the  hu- 
midity is  kept  as  high 
as  possible,  requiring  a 
low  salt  concentration 
and  therefore  a  rela- 
tively high  temperature 
of  the  brine. 

Mr.    Bloom     advo-  ^"^  __""    "-L- — i h — r--t"^t=_,       « 

cates  that  the  height  of 
the  loft  be  made  pro- 
portional to  the  load, 
the  width  of  the  deck 
and  the  temperature  of 
the  brine,  but  he  con- 
siders that  it  should 
never  be  over  6  ft.  nor 
less  than  2  ft.  (because 
of  insulation  difficulties 
and  waterproofing  of 
the  deck).  The  width 
of  the  two  openings  in 
the  deck  should  be 
equal  to  the  loft  height, 
and  the  deck  should  be 
insulated  with  2  in.  of 
corkboard  which  should 
be  waterproofed  very 
carefully. 

The  difficulty  with 
dirt    in    the    brine    is 
overcome  by  the  operation  of  leaching  the  salt  on  solution,   and   by 
having  settling    tanks  which  may  be  cleaned  out  every  year.     The 
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brine  pressure  at  the  nozzle  should  be  from  9  to  2  lb.  per  sq,  in.  mini- 
mum and  the  decks  should  be  from  38  ft.  to  9  ft.  respectively.  Too 
narrow  a  deck  will  permit  the  droplets  of  brine  to  carry  over,  for 
even  if  they  are  in  the  air  only  3  seconds  at  a  velocity  of  600  ft.  per 
min.  the  distance  carried  will  be  30  ft.  The  height  of  the  spray 
above  the  deck  and  the  velocity  of  the  air  are  the  determining  factors 
as  regards  the  width  of  the  deck. 

To  cool  the  brine  the  shell  and  tube  brine  cooler  is  the  preferred 
means  because  of  its  great  flexibility,  high  heat  transfer  and  relative 
lack   of    resistance 

to  brine  flow  if  the  /I^f%~"^^^^'*  '^'^'"^  ^"^"^  P.^'^P 

number    of    passes  Air  separating 

are  small.  The 
shell  and  tube  as 
well  as  the  double 
pipe  brine  cooler 
must  be  watched 
carefully  to  pre- 
vent injury  due 
to  freezing  of  the 
brine  should  the 
pump  stop.  These 
coolers  when  placed 
on  the  suction  side 
of  the  pump  can 
be  made  safe  pro- 
vided   a  means  of 

draining  the  cooler  is  arranged  for  in  the  event  of  the  stopping  of 
the  pump.  Calcium  chloride  brine  is  never  used  for  sprays  in  the 
packing  house  because  of  the  drying  action  of  the  calcium  brine, 
because  of  the  greater  cost  and  of  the  danger  of  the  mists  carrying 
over  and  being  deposited  on  the  meat,  thus  destroying  palatabil- 
ity.  The  best  arrangement  is  to  provide  a  float-operated  tank  in  order 
to  keep  a  constant  head  on  the  nozzles.  If  a  centrifugal  pump  is  used 
it  should  be  such  a  one  as  will  give  a  "  flat  "  characteristic  curve — 
enabling  one  to  get  the  same  pressure  on  the  nozzle  for  a  range  of  capacity 
of  the  pump  (see  Chapter  VIII). 


Inverted  weir 


Fig.  298.— Gravity  Brine  Tank. 


Problem. — As  an  example  when  an  attempt  at  a  close  calculation  is  to  be  made, 
let  it  be  required  to  chill  50  beeves  at  750  lb.  each  from  a  temperature  of  90  deg.  to 
38  deg.  F.  in  12  hours.    The  brine  in  the  fore-cooler  will  enter  the  spray  at  32  degrees 
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and  will  rise  in  temperature  to  35  degrees.  The  regular  spray  deck  will  be  used,  and 
salt  brine  only  at  as  low  a  concentration  as  possible  will  be  made  use  of. 

To  cool  the  meat       50  X  750  X  0.77  X  (90  -  38)  =  1,501,500  B.t.u. 

10.43  tons 

Allowing  20  per  cent  for  losses  (these  could  be  cal- 
culated if  the  details  of  the  insulation,  etc.,  were 
kno\\'n  =         2 .  09  tons 

Total  =         12.52  tons 

Allowing  12  sq.  ft.  per  animal  there  will  be  required  12  X  50  =  GOO  S(i  ft.  floor  and 
a  room  20  ft.  by  30  ft.  will  answer  the  conditions.  The  usual  distance  between 
rails  is  4  ft.  0  in.,  and  the  distance  from  the  rail  to  the  floor  11  ft.  2  in.  (Fig.  299). 
The  amoinit  of  brine  required  will  be  as  foUows: 

Wt.  X  0.892  X  3  =  12.52  X  200  =  2504  B.t.u.  (per  minute) 

Wt.  of  brine  per  minute  =  2504  -^  2.676  =   936  lb. 

Using  a  specific  gravity  of  the  Lrine  of  1.066,  the  gallons  of  brine  required  will  ha 
936  ^  (8.33  X  1.066)  =  1C5.4.  I  i;der  a  head  of  13. C5  ft.  (6.0  lb.)  the  No.  30 
Webster  nozzle  will  deliver  1  gal.  jer  rr.in.  and  there  will  therefore  be  required 
105  nozzles.  The  maximum  spacing  cf  the  nozzles  is  20  in.,  so  the  placing  of  these 
four  high  on  10-in.  centers,  and  26  stands  equally  spaced  horizontally  (less  than 
14  in.  apart),  will  be  a  good  distribution.  The  height  of  the  deck  will  be  3  ft.  6  in., 
and  this  will  also  be  the  size  of  the  two  openings  in  the  deck.  This  will  provide  a 
vigorous  circulation  of  the  air  of  about  two  changes  per  minute,  there  being  no 
choking  at  any  point. 

Lard  and  Compound  Cooling. — Lard  weighs  about  59 . 3  lb.  per  cu.  ft., 
the  specific  heat  is  from  0.5  to  0.6  depending  on  the  fluidity,  and  the 
latent  heat  is  90  B.t.u.  per  lb.  The  melting  point  is  usually  understood 
to  be  70  deg.  F.  for  lard  and  105  deg.  for  tallow. 

Lard  compound,  a  mixture  of  hog  fat  with  beef  fat  and  cottonseed 
oil,  has  a  specific  heat  of  from  0.3  to  0.5  depending  on  its  fluidity,  a 
latent  heat  of  90  B.t.u.  per  lb.  and  a  specific  gravity  of  0 .  92  (57 . 5  lb.  per 
cu.  ft.). 

Mechanical  refrigeration  is  used  in  the  cooling  of  both  lard  compound 
and  lard.  The  manner  of  applying  refrigeration  is  to  use  hollow  cylin- 
drical drums,  which  are  maintained  at  a  temperature  of  about  10  deg.  F. 
by  means  of  brine  or  direct  expansion,  and  which  are  made  to  revolve 
at  from  10  to  14  r.p.m.  The  usual  custom  is  for  the  lard  or  the  compound 
to  be  cooled  first  with  water  from  135  to  140  deg.  F.  to  80  degrees  and 
then  by  passing  the  commodity  to  the  cooling  rolls  to  cool  it  to  the  final 
temperature  of  from  30  to  40  degrees. 

In  the  manufacture  of  lard  the  object  of  refrigeration  (besides  the 
speed  of  the  operation  which  is  very  important)  is  the  uniformity  and 
better  quality  of  the  product.    In  the  manufacture  of  lard  the  trimmings 


476 


COLD  STORAGE 


and  other  fat  parts  of  the  hog  are  steamed  in  a  rendering  tank  under 
40  lb.  steam  pressure  for  some  7  to  9  hours.  It  is  then  mixed  with 
fuller's  earth  for  a  few  minutes,  and  next  filtered  by  passing  it  through 
a  filter  press.    The  resulting  hot,  white  lard  is  stiffened  by  adding  not 

more  than  5  per  cent  of  lard 
stearine,  and  then  by  cooling 
mechanically. 

Compounds  are  made  using  beef 
fat,  cottonseed  oil  and  pork  fat. 
In  making  such  a  compound  the  re- 
fined fats  are  mixed  and  filtered,  and 
then  sent  to  the  cold  revolving  drum. 
The  drum  chills  the  warm  fluid 
quickly,  thereby  giving  a  uniform 
compound.  Should  slow  cooling  be 
permitted  the  beef  crystals  would 
freeze  out  first  and  non-uniformity 
would  result.  The  revolving  drum, 
cooled  with  brine  or  ammonia, 
freezes  a  thin  layer  of  lard  or  com- 
pound, as  the  case  may  be,  and, 
after  the  commodity  has  been  on  the 
surface  for  about  three-quarters  of  a 
revolution  of  the  drum,  a  carefully 
adjusted  knife  scrapes  it  off  the 
surface.  The  semi-solid  substance 
drops  into  the  picker  trough  where 
thorough  mixing  is  again  brought 
about  (Fig.  301).  The  product  is 
now  ready  for  the  packages.  Figure 
300  shows  the  lard  cooling  cylinder 
in  section,  and  Fig.  302  shows  the 
entire  process.  As  an  example  of  the 
refrigeration  necessary  let  it  be  re- 
quired to  find  the  amount  of  cooling 
effect  necessary  to  handle  10,000  lb.  of  lard  in  four  hours  with  brine. 
Also  let  it  be  required  to  find  the  size  of  the  compressor  and  the  size  of 
the  required  cooling  cylinder. 

Problem. 
10,000  X  0.6  X  (80 
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30)  +  10,000  X  90  =  1,200,000  B.t.u.  per  4  hours, 
=      300,000  B.t.u.  per  hour. 
300,000  -^  12,000  =  25  tons  of  refrigeration. 
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Adding  10  per  cent  for  losses  =  27.5  tons  of  refrigeration  required.  As  the 
compressor  will  be  required  to  cool  brine  to  +  10  deg.  F.,  a  zero  degree  boiling 
temperature  of  the  ammonia  will  be  required,  and  this  corresponds  practically  to 
15  lb.  gage  pressure  suction  to  the  compressor.  With  such  a  suction  pressure  there 
would  be  required  4.63  cu.  ft.  piston  displacement  per  ton  of  refrigeration  per 
minute  using  a  volumetric  efficiency  of  0.83  and  the  piston  displacement  for  27 . 5  tons 


Jacketed  trough 


Feed  line 


Jacketed  picker  trough 


Fig.  301.— Assembly  of  Lard  Rolls. 

would  be  128  cu.  ft.  per  min.  Referring  to  Fig.  300,  which  gives  the  construction 
of  cylindrical  drums,  it  will  be  seen  that  the  size  3  ft.  diam.  and  5  ft.  long  will  handle 
2500  lb.  per  hour.  This  will  be  the  required  size.  The  thickness  of  the  lard  on 
the  surface  of  the  roll  under  these  circumstances  is  less  than  1/50  in. 

The  Refrigerator  Car. — It  has  been  found  in  cold  storage  practice 
that  only  the  best  construction  is  the  cheapest,  and  that  a  rough  rule  of 


'Coolingcylinder 


Mixing  tank 
Chilled  lard 


Fig.  302. — Lard  Manufacture. 


ing  cylinder 


Mixing  tank 
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1  in.  of  corkboard  or  its  equivalent  is  required  for  every  10  degrees  of 
depressed  temperature,  and  the  same  rule  (slightly  modified)  applies  also 
to  the  refrigerator  car.  For  an  average  of  70  degrees  outside  and  40 
degrees  inside  there  would  be  required,  according  to  this  rule,  3  in.  of 
corkboard.  W.  H.  Winterrowd  ^^  states  that  calculated  values  for  heat 
^^  Some  Notes  on  Railway  Refrigerator  Cars,  Mechanical  Engineering,  July,  1922. 
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transfer  for  typical  refrigerator  constructions  vary  from  1.7  to  2 .  33  on 
the  roof,  2. 17  to  2.89  on  the  wall,  and  2.46  to  2.54  on  the  floor,  B.t.u. 
per  sq.  ft.  per  21  hours.  The  vahie  for  3-in.  corkboard  alone  is  about 
2 . 1  without  allowing  for  air  spaces  and  the  building  construction.    The 


Conveyor  rail  hangers^ 
Timber 


Fig.  303. — Overhead  Conveyor. 

refrigerator  car  and  cold  storage  l)uildings  are  not  comparable,  however, 
as  the  car  has  a  very  rough  service  and  the  shock  and  vibration  is  such  as 
to  make  it  difficult  to  keep  the  car  tight.  The  design  of  the  car  then 
must  be  one  that  will  resist  heat  transfer,  and  will  have  a  long  life  of 
service. 


Fig.  304. — Air  Circulation  in  a  Refrigerator  Car. 

Next  to  heat  transfer  is  the  method  of  cooling  and  the  efficiency  of 
the  air  circulation  (Fig.  304).  The  lading  is  continually  developing  heat 
which  must  be  absorbed  or  cause  a  rise  in  the  temperature.  Cooling  is 
applied  in  two  principal  ways:  the  best  known  and  the  most  usual 
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method  is  the  ice  bunker  at  the  two  ends  of  the  car,  and  the  later  design 
embodies  a  brine  tank  built  into  the  roof  at  each  end  of  the  car,  the  two 
tanks  being  connected  by  pipes  hung  some  two  or  three  inches  beneath 
the  ceiling  and  so  arranged  that  check  valves  in  the  tanks  which  are 
operated  by  the  swaying  of  the  car  causes  a  positive  flow  of  the  brine. 
Ice  and  salt,  of  course,  are  charged  into  the  tanks.  The  advantages 
claimed  are  more  economy  of  space,  and  more  even  car  temperatures. 
It  is  not  clear  what  efficiency  is  obtained  during  the  periods  when  the 
car  is  still. 

TABLE  100 

[By  the  U.  S.  Bureau  of  Agriculture  Economics] 

Carload  Shipments  of  Domestic  Fruits  and  Vegetables 


Commodities 


Apples 

Asparagus 

Cabbage 

Cantaloups 

Carrots 

Cauliflower 

Celery 

Cherries 

Cranberries 

Cucumbers 

Eggplant 

Grapes 

Lettuce 

Onions 

Peaches 

Pears 

Green  pons 

Peppers 

riums  and  prunes. 
Sweet  potatoes.  .  .  . 
White  potatoes. . .  . 

Spinach 

Strawberries 

Tomato'  s 

Turnips 

Mi.\cd  vegetables.  . 

Watermelons 

Deciduous  fruits: 

Mi.\ed 

Citrus  fruits: 

Grapefruit 

Lemons 

Oranges 

Miscellaneous.  .  , 


Number  of  Carloads 


1917 


191S 


57,048 

1,057 

20,354 

17,430 


897 


3,711 


21,379 
5,428 
19,152 
27,237 
11,468 


8,898 

144,656 

1,278 

15.065 

14,115 


31,503 


393 

401 

5,437 


413,484 


68,840 

1,120 

28,661 

13,619 


1,535 

7,412 

680 


2,757 

300 

20,915 

6,959 

22,027 

20,409 

10,311 

691 

1,170 

3,125 

9,254 

169,462 

2,422 

8,452 

15,471 


8,804 
20,302 


5,C50 

6,913 

28,444 

3,351 

489,236 


1919 


81,552 

1,101 

24,982 

22,039 


2,. 540 
6,449 
1,025 


4,306 

136 

30,349 

8,018 

20,874 

30,923 

10,158 

278- 

913 

3,222 

13,725 

181,277 

2,957 

8,105 

14,503 


11,933 
30,860 


6,624 

8,823 

49,321 

3,024 

580,026 


1920 


102,962 

1,034 

31,020 

22,377 


3,410 
9,308 
1,870 


39,205 
13,818 
25,950 
26,967 
14,950 


4,430 

16,254 

179,149 

2,687 

8,490 

15,556 


12,740 
39,255 


12,086 
9,718 

53,041 
3,902 

050,179 


90,498 


31,718 
25,569 


12,483 
3,895 


37,202 
18,616 
23,319 
27,300 

12,821 


19,071 

219,426 

4,924 

10,095 

17,199 


15,810 
40,403 


12,275 

11,887 

65,891 

5,716 

718,784 


1922 


101,780 

746 

40,065 

29,917 

1,987 

14,151 

3,991 

2,447 

2,009 

6,151 

271 

59,858 

22,840 

27,563 

38,291 

20,138 

2,322 

5,021 

20,570 

245,221 

5,205 

18,716 

26,668 

835 

19,676 

47,000 

8,009 

14,182 
9,875 

46,.526 
2,088 

844,191 


127,505 


36,395 
25,839 


10,624 
4,714 


64,020 
29,493 
20,747 
33,630 
18,144 


6,786 

19,793 

238,983 

7,682 
17,775 
24,002 

24,016 
35,405 

8,998 

19,150 

8.668 

74,948 


860,317 


*  Incomplete. 
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The  following  paper  on  "Railway  Car  Icing  Systems"  was  presented 
by  A.  L.  Blatti  before  the  annual  meeting  of  the  National  Association  of 
Practical  Refrigerating  Engineers,  held  in  Memphis,  December  12  to  15, 
1923. 

It  has  been  found  that  a  platform  longer  than  1000  ft.  is  not  practicable  in  some 
cases,  because  the  time  consumed  in  moving  ice  on  such  a  platform  more  than  off- 
sets the  advantage  of  having  more  cars  at  the  dock  than  a  1000-ft.  platform  will 
accommodate.  A  platform  of  1000  ft.  length  will  accommodate  46  cars,  or  23  cars 
on  each  side,  and  when  more  cars  than  this  number  arrive  in  a  single  train,  it  is 
customary,  after  splitting  the  train  into  two  groups  of  cars  which  are  placed  on  each 
side  of  the  dock,  to  ice  the  group  having  the  surplus  cars  first,  and  then  while  icing 
the  other  group  of  cars  on  the  opposite  side  of  the  dock,  the  switching  crew  moves  into 
place  the  hang-over  or  surplus  cars,  which  are  in  turn  iced  without  cessation  of  the 
entire  operation  or  delay  in  the  work  of  the  icing  crew. 

Our  experience  has  been  that  if  the  cakes  of  ice  employed  are  of  300-lb.  size,  the 
icing  platform  should  be  14  ft.  wide,  while  if  a  400-lb.  cake  is  used  it  should  be  16  or 
17  ft.  wide.  The  platform  should  be  14  ft.  6  in.  above  the  top  of  the  car  rail,  so  that 
there  will  be  sufficient  fall  from  the  platform  to  reach  the  far  side  of  the  bunker 
opening  by  means  of  a  skid  which  will  clear  the  running  board  on  top  of  the  car. 
The  platform  should,  of  course,  have  a  conveyor  chain  running  its  entire  length 
through  its  center  and  operated  by  reversible  motor,  so  that  ice  may  be  moved  back- 
ward and  forward  at  will  to  any  selected  place  on  the  platform. 

The  platform  described  is  for  use  in  placing  ice  in  the  bunkers  of  cars  which 
contain  fruit  or  vegetables  and,  therefore,  do  not  require  temperatures  approximating 
the  freezing  point,  so  that  cake  ice  may  be  employed.  The  icing  of  cars  which  contain 
packing-house  products  demanding  a  lower  temperature,  requires  a  different  process, 
as  crushed  ice  mixed  with  salt  must  be  used  for  this  purpose,  the  quantity  of  salt 
ranging  from  10  to  15  per  cent  by  weight  of  the  crushed  ice.  For  meat  car  icing  a 
second  deck  to  the  platform  previously  described  may  be  constructed,  7  ft.  above 
the  top  of  such  platform.  This  upper  deck  will  have  no  conveyor  chain,  but  will 
provide  a  run-way  for  carts  holding  from  900  to  1000  lb.  of  crushed  ice  each,  which 
carts  may  be  moved  upon  the  upper  deck  to  the  position  required  and  the  crushed 
ice  contained  in  those  carts  dumped  into  movable  traveling  chutes,  which  are  attached 
to  the  edge  of  the  upper  deck  and  which  chutes  are  moved  into  place  so  that  the  lower 
end  of  the  same  point  directly  into  the  bunkers  of  meat  cars  being  iced.  Salt  bins 
should  be  provided  at  intervals  on  the  lower  deck,  so  that  they  are  readily  available 
to  the  icing  crew  who  may  shovel  such  salt  as  is  required  into  the  bunker  of  the  meat 
cars,  after  the  crushed  ice  has  been  dumped  into  the  bunker  through  the  chute  from 
the  upper  deck. 

The  average  time  required  to  ice  vegetable  or  fruit  train  with  cake  ice  varies  from 
1  to  2^  minutes  for  each  car,  according  to  the  amount  of  ice  required  in  each  bunker, 
while  for  icing  of  meat  cars  with  crushed  ice  2  J  minutes  per  car  is  a  good  average 
time  because  of  the  fact  that  additional  time  is  required  in  draining  the  ice  com- 
partment of  a  meat  car  and  working  down  the  ice  which  may  remain  in  the  same, 
preparatory  to  the  reception  of  additional  crushed  ice. 

Considerable  attention  has  been  given  to  details  in  car  construction 
during  the  last  ten  years  and  particularly  since  1917.  Figure  304  shows 
in  "A"  the  basket  type  and  in  "B"  the  regular  bunker  type  of  box 
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blinker.  The  latter  is  now  obsolete  on  account  of  the  obstruction  to  the 
free  circulation  of  air,  poor  cooling  of  the  air  and  the  resulting  higher 
air  temperatures  in  the  car.  The  basket  type  is  made  of  wire  mesh  with 
a  slatted  wooden  structure,  so  arranged  as  to  permit  air  to  flow  all 
around  the  basket.  Referring  to  Fig.  304,  it  will  be  seen  that  the  left- 
hand  side  has  a  false  floor.  This  rack  is  arranged  so  as  to  give  some 
3  in.  to  4  in.  of  space  for  the  flow  of  air  and  is  arranged  with  hinges  at 
the  sides  of  the  car  and  is  divided  along  the  middle  of  the  car  so  that  it 
can  be  swung  up  against  the  wall.    The  probable  air  circulation  is  shown 


5..21 -^ 

Fig.  305. — Insulation  of  Refrigerator  Cars. 


for  the  tj'pes,  the  slatted  design  giving  the  better  results  as  would  be 
expected  since  air  can  travel  to  the  middle  of  the  car  whereas  it  becomes 
short-circuited  with  the  construction  shown  on  the  "B"  side  of  the  car. 
The  center  of  the  car  is  the  most  severe  test  of  refrigeration,  and  the 
length  of  the  car  is  an  important  factor  in  the  refrigeration  efficiency. 
The  general  tendency  is  to  have  a  length  between  bulkheads  of  from  32 
to  34  ft.,  some  6  to  10  in.  from  the  rack  to  the  bottom  of  the  opening  in 
the  bulkhead,  and  from  12  to  18  in.  from  the  top  of  the  bulkhead  to  the 
ceiling.  The  construction  of  the  bulkhead  is  important,  for  otherwise 
freezing  of  the  lading  might  occur  near  it.  Figure  305  gives  an  idea  of 
the  modern  trend. 
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The  construction  of  the  walls,  roof  and  floor  is  given  by  Figs.  304  to 
307.  In  the  paper  by  W.  H.  Winterrowd  it  was  brought  out  that  cork- 
board  is  used  in  but  few  cases,  except  on  the  floor  where  2-in.  corkboard 
is  usual.    The  feeling  seems  to  prevail  that  corkboard  does  not  endure 
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as  well  as  more  flexible  insulation,  but  that  the  insulation  must  be 
suitably  protected  from  moisture.  The  floors  and  the  walls  should  be 
constructed  so  as  to  permit  the  driving  of  nails  without  injury  to  the 
insulation. 
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REFRIGERATOR  CARS  IN  OPERATION 

Information  Bulletin,  No.  345,  of  the  Perishable  Freight  Conservation  Bureau, 
American  Association  of  Ice  and  Refrigeration,  quotes  some  figures  from  railway 
equipment  register  concerning  the  number  of  refrigerator  cars  in  operation.  The 
figures  are  as  follows: 

U.  S.  Railroads 32,773 

Car  Lines  (Railroad  controlled) 94,007 

Car  Lines  (Independentj 5,855 

Meat  Packers 18,650 

Canadian  Railroads 6,093 

Mexican 2 

Total 157,380 

Installed  in  Service: 

First  9  mos. 
1923         1924 

Railroads 7,570        3,801 

Private 14,508        7,875 

Total 22,078      11,678 

According  to  the  figures  for  the  first  nine  months  of  1924,  there  will  be  quite  an 
aopreciable  decrease  in  the  number  of  cars  installed  in  service  for  the  year  1924. 

Mechanical  Refrigeration. — Many  attempts  have  been  made  to 
refrigerate  freight  cars  mechanically.  However,  the  difficulties  are  so 
many  that  it  seems  improbable  that  success  will  be  obtained  for  American 
cars  for  some  time.  A  mechanical  drive  from  the  axle  seems  to  be 
impossible,  considering  the  frequent  delays.  The  central  plant  car  to 
be  designed  for  ten  or  more  cars  could  be  operated  by  a  standard  oil 
engine,  the  engine  and  compressor  to  be  air  cooled,  probably  using  a 
water  cooled  condenser  and  an  automobile  type  of  air  cooled  radiator 
with  improved  fan  ventilation  for  cooling  the  water.  This  would  enable 
the  water  to  be  conserved  and  at  the  same  time  would  permit  better 
heat  transfer  in  the  condenser.. 

Precooling  of  Fruits  and  Vegetables. — Most  fruits  and  some  vege- 
tables are  shipped  by  means  of  refrigerator  cars  from  three  to  six  days' 
carry.  If  the  fruit  is  warm  (say  80  to  90  deg.  F.)  when  loading  into  the 
freight  car  it  takes  from  3  to  5  days'^  or  more  to  get  the  temperature  of 
the  inner  packages  down  to  a  temperature  of  40  to  45  deg.  F.  and  in 
many  cases  this  degree  of  temperature  is  never  reached,  while  in  any 
case  the  temperature  is  very  uneven  throughout  the  car.    Much  fruit  is 

'«  Bulletin  No.  123,  Bureau  of  Plant  Industry,  Department  of  Agriculture. 
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spoiled,  or  the  upper  layers 
of  packages  have  a  secondary- 
quality  as  compared  with 
those  on  the  floor  near  the 
ends  of  the  car.  Not  only 
does  the  fruit  spoil  by  the 
action  of  the  fungi,  but  the 
resulting  formation  of  carbon 
dioxide  tends  to  increase  the 
temperature.  For  example,  it 
is  stated  that  peaches  at  86 
deg.  F.  will  rise  18  degrees  in 
20  hours,  while  at  68  degrees 
the  increase  is  only  6  degrees 
in  the  same  interval  of  time. 
A  rough  calculation  gives  an 
ice  meltage  of  22  per  cent  due 
to  the  self-heating  of  the  fruit. 
It  is  evident  then  that  ship- 
ment of  perishable  fruits  in- 
volves the  following  impor- 
tant phases: 

a.  The  development  of  a 
high  grade  refrigerator  car. 

h.  Means  of  properly  pre- 
cooling  perishable  fruits  and 
vegetables. 

c.  Economical  means  of 
car  icing  at  convenient  points 
of  train  departure  and  suit- 
able re-icing  depots  at  division 
points  along  the  road. 

The  importance  of  proper 
precooling  or  icing  or  both 
can  be  well  brought  out  by 
the  history  of  the  expansion 
and  development  of  the 
Pacific  Fruit  Express  Com- 
pany as  an  example  of  what 
the  industry  has  done  in 
that  respect  in  the  last  20 
years. 
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In  1907  the  Pacific  Fruit  Express  Company  (operated  jointly  by  the 
Union  Pacific  and  the  Southern  Pacific  Railroads)  owned  6600  refrig- 
erating cars,  handling  48,900  carloads  of  perishables  of  which  50  per  cent 
were  refrigerated.  In  1921  these  had  increased  to  19,200  cars,  which 
handled  170,000  carloads  of  perishables,  of  which  70  per  cent  were  iced 
and  which  required  for  the  purpose  1,600,000  tons  of  ice.  At  first  a 
large  amount  of  the  ice  used  in  the  car  bunkers  was  natural  ice,  but  this 
was  found  to  be  uneconomical  and  not  dependable,  so  that  in  1921 
about  two-thirds  of  the  ice  was  manufactured.  In  1922  the  Pacific 
Fruit  Express  Company  had  a  daily  capacity  of  3500  tons  of  ice  making 
and  storage  capacity  for  230,000  tons  located  at  12  ice  plants  (that  is 
in  addition  to  5  natural  ice  plants  having  100,000  tons  storage  capacity), 


Cross  Section 


Side  Elevation 
Fig.  309. — Refrigerator  Car  Icing. 


and  had  1300  tons  daily  ice  making  and  80,000  tons  storage  capacity 
under  contract  with  private  concerns.  The  separate  plants  vary  in 
size,  that  at  Roseville,  California,  having  a  daily  capacity  of  800  tons 
and  a  storage  capacity  of  46,000  tons,  and  during  1921  using  a  total  of 
165,000  tons  of  ice  at  this  point  with  a  maximum  for  one  day  of  2400  tons. 
The  standard  icing  platform  is  the  island  type  (Fig.  308)  for  55-car 
trains  on  each  side.  The  platforms,  which  are  of  wooden  construction, 
are  14  ft.  high  and  14  ft.  wide,  and  the  ice  is  moved  by  means  of  an 
endless  chain  conveyor.  The  train  is  iced  during  the  time  of  inspection 
and  change  of  engine  and  caboose.  The  procedure  in  California  (1924) 
in  loading  a  refrigerator  car  is  as  follows :  the  car  is  cleaned  thoroughly 
and  receives  its  load  of  ice  and  salt.  It  is  then  sent  to  the  point  of  ship- 
ment, receives  its  load  of  perishables,  and  is  brought  back  with  all 
possible  speed  to  the  car  icing  division  point  and  is  made  up  into  trains 
where  enough  ice  is  added  to  carry  it  to  the  next  icing  point.     From 
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5  to  6  tons  of  ice  are  required  to  ice  a  freight  car.  Figures  308  to  311 
show  ice  and  salt  loading  platforms  and  devices. 

Precooling. — The  development  of  the  precooling  industry  has  been 
rapid  because  of  the  faiku-e  in  accompHshing  a  quick  chilling  of  the 
lading  in  the  ordinary  refrigerating  car.  At  the  present  time  (1927) 
there  are  three  principal  means  of  precooling.  First,  there  is  the  shippers' 
precooling  design  where  the  lading  is  placed  in  cold  storage  rooms  in 
which  the  proper  temperature  is  carried  and  the  temperature  of  the 
lading  is  dropped  as  quickly  as  possible  by  the  use  of  fan  circulation  of 
the  air  or  other- 
wise. After  the 
proper  temperature 
has  been  reached, 
the  lading  is  loaded 
into  precooled  re- 
frigerator cars,  hav- 
ing been  iced  a, 
sufficient  length  of 
time  previously  to 
cool  the  car  prop- 
erly. The  second 
means  of  precool- 
ing is  the  carriers' 
precooling  design. 
By  this  is  meant 
that  the  car  is 
loaded  with  warm 
goods  after  which 
the  entire  car  and 
lading  are  cooled 
mechanicallJ^  Such 
means  can  be  used 
only  where  large 
amounts  of  perish- 
able produce  (such 
as  citrus  fruits) 
originates,     as    for 

example,  near  San  Bernardino,  CaUf.,  and  Zellah,  Wash.  In  these 
plants  the  cars  are  placed  in  a  precooHng  dock,  the  ventilator  hatches 
are  connected  with  large  air  pipes  and  the  lading  is  cooled  by  means  of 
forced  circulation  of  cold  air.  Finally  there  is  the  third  method  of  pre- 
cooHng certain  vegetables,  including  lettuce.    Here,  water  at  35  deg.  F. 


-Railway  car- 
Sectional  Elevation 
Fig.  311. — Refrigerator  Car  Icing. 
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is  arranged  to  flow  over  the  produce  and  cooling  is  accomplished  very 
quickly.  In  the  paper  by  J.  W.  Andrews  ^^  the  water  is  cooled  by  means 
of  Baudalot  coolers.  The  crates  of  celery  are  made  to  pass  through  a 
pan  of  water  at  a  temperature  of  from  33  to  35  deg.  F.,  and  in  20  min. 
some  70  gal.  of  water  have  passed  through  the  crate,  after  which  the 
surplus  water  is  removed  and  the  celery  is  delivered  to  the  refrigerator 
car  door  at  or  near  35  degrees  temperature.  A  carload  of  celery  can  be 
cooled  and  stored  in  the  car  in  1^  hours.  This  means  of  cooling  by  direct 
contact  appears  to  be  efficient  and  economical  and  seems  to  improve  the 
product. 

Shippers^  Precoolirig. — In  the  state  of  Florida  there  were  in  1924 
15  plants  with  an  annual  shipment  of  4000  cars  of  perishables.    In  this 

locality  salt  (NaCl)  brine 
is  used  for  cooling  the  air, 
using  a  spray  chamber  of 
about  15  ft.  by  9  ft.  by  9 
ft.  high  and  air  velocities 
of  about  200  ft.  per  min. 
The  usual  eliminator  re- 
moves the  brine  mist  and 
the  air  is  then  passed 
through  overhead  ducts 
designed  for  1000  ft.  per 
minute  velocity.  Revers- 
ing of  the  air  flow  is  pro- 
vided for  usually  by  re- 
versing the  motor  drive  on  the  fan.  The  air  is  forced  into  the  room 
(Figs.  312  and  313)  where  the  crates  are  closely  packed,  and  the  air 
travel  is  directed  by  means  of  baffle  curtains  "5"  at  the  top  of  the 
room,  resulting  in  an  air  pressure  drop  of  from  0 .  14  to  0 .  25  in.  of  water, 
and  there  is  stimulated  a  fairly  uniform  flow  of  air  through  the  boxes. 
The  inside  box  temperatures  are  also  given  in  the  figure. 

The  results  of  tests  according  to  the  paper  by  J.  W.  Andrews  show 
that  the  average  initial  temperature  was  from  73  to  77  deg.  F.  Cold 
air  circulation  was  applied  for  lOf  hours  to  get  an  average  temperature 
of  the  crates  of  40  degrees.  The  temperature  of  the  air  circulated  was 
36  deg.  F. 

The  Carriers^  Precooler. — The  cooling  of  the  car  and  the  lading  with 
cold  air  is  known  best  as  the  Gay  process.  In  his  experiments  Norman 
Gay  found  that  all  freight  cars,  even  when  closed  as  tightly  as  possible, 

1"  J.  W.  Andrews,  Precooling  of  Fruits  and  Vegetables,  Refrigerating  Engineering 
1924. 


Fig.  312. — Precooling. 
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FiQ.  313. — Precooling  with  Brine  Cooled  Air. 
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would  permit  a  loss  of  from  800  to  2000  cu.  ft.  of  air  per  minute  under 
I  in.  static  pressure  and  the  same  loss  was  obtainable  with  |  in.  vacuum. 
Therefore  any  system  whereby  air  is  to  be  forced  into  the  car  would 
need  to  be  "  balanced  "  as  far  as  the  pressure  in  the  center  of  the  car  is 
concerned.  To  do  this  a  pressure  fan  as  well  as  an  exhaust  fan  is  required 
and  adjustment  is  made  so  that  on  opening  the  center  door  no  blast  is 
noticed  in  either  direction  although  from  6000  to  8000  cu.  ft.  of  air  per 
minute  is  being  forced  through  the  car.  At  the  San  Bernardino  plant 
the  lateral  flexible  pipes  had  an  internal  diameter  of  22  in.,  and  32  cars 
connected  together  at  one  time,  requiring  each  8000  cu.  ft.  of  air  per 
minute,  will  be  cooled  within  4  hours  at  the  maximum  and  fully  chilled 
and  iced  in  5  hours.  The  air  in  the  plant  was  moved  by  8  No.  11  Sirocco 
fans  of  a  total  of  300,000  cu.  ft.  per  minute  capacity,  and  this  air  was 
cooled  in  a  brine  bunker  room.  The  brine  itself  was  cooled  by  double- 
pipe  brine  cooler  of  200  tons  capacity.  The  San  Bernardino  plant 
stopped  the  use  of  the  Gay  system  in  1924. 

Marine  Refrigeration. — Marine  refrigeration  is  an  application  of  the 
art  of  cold  storage  peculiar  to  itself.  It  is,  of  course,  restricted  by  the 
limitations  imposed  on  all  marine  engineering  design  and,  in  addition, 
the  ship  is  usually  subjected  to  the  condition  of  one-way  traffic — at 
least  in  the  respect  of  refrigerated  cargoes.  The  result  is  that  refrigerating 
vessels  need  to  be  designed  so  as  to  take  general  cargoes,  and  the  hatch- 
ways must  be  made  large  enough  for  the  purpose.  In  general,  a  well 
designed  banana  carrier  (as  far  as  refrigeration  is  concerned)  will  be 
satisfactory  also  for  cariying  citrus  fruits,  but  the  longer  the  trips  the 
faster  the  ship's  speed  for  economical  results.  However,  a  ship  designed 
for  carrying  mixed  frozen  and  chilled  meats  would  not  be  satisfactory 
for  frozen  meats  entirely,  nor  for  a  general  cargo,  inasmuch  as  fruits, 
for  instance,  require  ventilation. 

Insulation. — Insulation  ^o  usually  is  corkboard,  granulated  cork,  or 
sometimes  mineral  wool  which  may  be  mixed  with  granulated  cork. 
When  the  insulation  is  all  cork,  the  sides  and  the  overhead  consist  of  an 
exposed  finished  layer  of  wood  boards,  two  layers  of  2-in.  corkboard, 
one  layer  of  boards  and  paper  with  the  space  between  them,  and  the 
ship's  side  filled  with  granulated  cork. 

Wlien  mineral  wool  is  used  as  the  main  insulation  it  consists  of  wool 
between  an  exposed  finished  layer  of  wood  boards  and  the  ship's  sides 
of  the  deck.  For  the  intermediate  and  the  weather  decks  the  insulation 
is  placed  underneath,  whilst  for  the  tank  top  or  the  floor  of  the  hold  it 
has  to  be  capable  of  carrying  the  weight  of  the  cargo.     In  these  latter 

2"  A.  H.  Baer,  Journal,  American  Society  of  Refrigerating  Engineers,  1919. 
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cases  the  insulation  is  usually  from  5  to  6  in.  of  eorkboard  laid  in  pitch 
and  with  a  finishing  layer  of  boards. 

Marine  refrigeration  ^  ^  has  four  kinds  of  refrigerating  equipment. 

1.  Fruit  Carriers  need  forced  indirect  air  circulation  (also  external 
fresh  air  ventilation).  Bananas,  for  example,  are  loaded  in  bulk  but  are 
not  dunnaged  although  they  are  divided  by  means  of  bins. 

2.  Frozen  meats  require  no  ventilation  but  the  space  is  heavily  insu- 
lated. The  cargo  is  loaded  in  bulk,  suitably  dunnaged  for  natural  air 
ventilation.    This  cargo  should  be  kept  at  from  12  to  15  deg.  F. 

3.  Chilled  meats  require  a  minimum  height  in  the  storage  space, 
which  is  heavily  piped  under  the  ceilings,  and  the  meat  to  be  supported 
by  the  deck  girders  by  means  of  the  usual  meat  hooks  running  on  rails. 
As  temperature  changes  are  not  permissible  beyond  a  small  limit,  the 
piping  controls  must  be  good. 

4.  This  sub-division  includes  general  cargoes.  Frozen  meats  may  be 
stored  in  the  lowest  hold.  However,  this  division  is  a  combination  of  the 
other  three. 

Banana  carriers  require  considerably  more  refrigerating  capacity 
than  meats  and  other  cargoes  because  as  a  rule  the  banana  is  not  pre- 
cooled,  but  the  cargo  and  the  hold  should  be  precooled  whenever  possible. 
The  ship  should  be  capable  of  carrying  apples  and  citrus  fruits.  The 
temperature  required  for  bananas  is  53  to  55  deg.,  for  oranges  42  to 
45  deg.,  for  lemons  55  deg.,  and  for  apples  32  to  33  deg.  F.,  with  par- 
ticular attention  to  the  ventilation.  The  cargo  should  be  raised  off  the 
decks  by  means  of  dunnage  battens  and  (if  the  fruit  is  in  packages) 
every  alternate  row  should  be  vented  vertically  so  as  to  insure  proper 
air  circulation  throughout  the  bulk  of  the  cargo.  Bananas  are  stacked 
vertically,  uncrated,  usually  two  rows  high  and  a  third  row  lying  flat 
unless  the  voyage  is  greater  than  10  days.  The  decks  are  insulated, 
preferably,  on  the  under  side,  and  care  should  be  taken  to  prevent 
construction  which  interferes  with  this  ventilation.  The  refrigerating 
load  consists  of  the  heat  leakage,  the  cooling  of  the  cargo  and  the  cooling 
and  the  dehumidifying  of  the  fresh  air  required  for  ventilation  and  to 
keep  the  carbon  dioxide  content  of  the  air  in  apple  storage  at  10  per 
cent  or  less.  Figure  314  gives  a  good  idea  of  the  methods  used  in  such 
work.  Bunker  rooms  appear  to  be  used  entirely,  contrary  to  the  practice 
in  stationary  work,  where  the  water  or  brine  spray  is  used  frequently. 

The  Food  Investigation  Board  of  the  British  Department  of  Scientific 
and  Industrial  Research  has  recently  published  Special  Report  No.  20, 
entitled  "The  Problems  of  Apple  Transport  Overseas,"  which  is  a  gen- 

21  Llewellyn  Williams,  Naval  Arch,  and  Marine  Eng.,  November,  1924. 
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eral  survey  and  summary  of  the  results  obtained  by  a  scientific  expe- 
dition to  Australia  in  1923. 

A  synopsis  of  the  report  is  given  as  follows: 

The  Australian  apple  export  season  of  1922,  although  a  record  in  point  of  the  num- 
ber of  cases  shipped,  was  in  some  ways  one  of  the  most  disappointing  in  the  history 
of  the  industry.  Of  the  total  export  of  approximately  2,000,000  cases,  it  has  been 
estimated  that  between  500,000  and  600,000  arrived  in  England  with  the  fruit 
content  in  a  severely  damaged  condition.  From  three  of  the  largest  consignments, 
totalling  altogether  nearly  400,000  cases,  more  than  80  per  cent  of  the  fruit  is  said 
to  have  been  sold  as  damaged,  at  a  total  less  estimated  at  about  £125,000,  while  the 
whole  seaon's  losses  based  ou  the  prices  of  damaged  fruit  as  compared  with  the 


Fig.  314. — Marine  Refrigeration — Ventilation. 


market  value  for  sound  fruit  at  the  same  date,  have  been  placed  in  the  neighborhood 
of  £250,000.  The  figures  are  taken  from  a  statement  prepared  by  the  agent-general 
for  Tasmania. 

This  type  of  damage,  now  know  as  brown  heart,  had  previously  been  encountered 
in  the  Australian  trade  on  a  smaller  scale.  The  nature  and  cause  of  the  trouble 
were  not,  however,  known,  so  that  the  matter  appeared  to  be  one  urgently  requiring 
scientific  investigation. 

The  outstanding  questions  which  it  was  hoped  that  the  expedition  would  be  able 
to  answer  conclusively  were: 

(a)  Is  the  disease  predetermined  some  time  before  its  actual  appearance,  by 
"inherent  vice"? 

(b)  Does  brown  heart  appear  before  shipment,  or  in  the  holds  during  the  voyage? 

(c)  WTiat  are  the  conditions  either  in  the  orchard,  or  during  handling  and  trans- 
poi't  which  give  rise  to  the  disease,  and  how  are  they  to  be  avoided? 
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Tlic  cvidciH'c  ol)l,!i,i(ic(l  hy  l,li(!  fxpcdilioii,  Ioj^cIIk^i'  with  (luit,  ;i,lrc!i,(]y  pufjIiHlwd, 
UiuH  irHJi(!H,t.(rH  UuU.  brown  licurt,  iw  <U;vf\()]H:<l  on  [)0!ir(i  Hhip  diirinji;  lh<'  lioincwjinl 
voyimc,  l.lifi.t/  lii<^  (tondiljons  wliicli  j^ivf  riwc  1o  it,  !i,r(!  thoHc  jutconipiiriyinf^  JnHu/Iicicnt, 
V(;nl.ilut,i<)ii  of  llif  hold,  ;ind  I  h;i,t,  .such  conilitionH  cnn  hf  (^ii;ud<'<J  a-gairiHt  and  ull 
d;ing(!r  of  tlw-  di.si':i„si''K  occurring;  cliniiiKUcd. 

'I'lIK    AmoUN'I'    ok    VkN'I'II.ATION     NKCIOHHAIty 

TIk;  jirnoiint,  of  vi'iilil.'it  ion  nci^csHiuy  (Icpcnd.s  in  llic  fiisl  pl!u;(!  upon  tJic  rale  <>! 
carbon  dioxide  forinjition  in  IIk;  lioldn.     'I'lii.s  in  f  inii  dipcndH  ni;i,iidy  upon: 

(«)  'V\i(',  weiuhl,  of  ai)ph'H  [)r(!Hent; 

(li)  TIk!  inlien^id,  re,s|)irat,ory  activit.y  of  t,h(!  u|)plcH  (varyirifi;  in  (JiCfcrcni  scasoiiH, 
aL  different,  Htnn*'"  of  ripencHH,  and  for  difTfwerit,  vari(^t,ieH); 

(r)    'J'he  tcrn[)eni,t  ure  of  the  applcH. 

The  Hceond  of  t.liesc;  fiuttorH  niiiHt-  he  re(i;iu(ied  for  the  present,  :i,H  an  unknown 
variable,  tli<'  v;diie,M  of  which  an;,  however,  within  known  limit h.  We  n(!ed  only  be; 
c(jneerned  for  tiie  |)r('Hent,  purpose  with  the  known  triMxiniuni  ,'iiid  niinirnurn  valucH. 

In  nil  idcid  caHC!,  1,herefore,  in  which  no  jiccidcntnl  jijikjiKC!  JH  occurring,  th(^ 
aiiioiinl  <(f  iiilcnt  ion.'il  ventilation  by  Inns  reijiiiicd  is  very  roughly  aH  followH: 


( largo, 

'I'cwnperature, 

DegncH  1''. 

Percent ngi'  ol 

(larbon  Dioxide 

M.'iilil;iiiied 

III  III.'  Mold 

10 

1 

10 

1 

Ventilation,  Cubic 
h'eet  of  Air  per  Day 
per  'Toll  of  ,\pples 

70 
70 
35 
35 

120 

I'iOO 

25 

250 

Tn  atmosphere  control  (here  are  two  aliernalives.  In  the  first,  i)lace,  safety — • 
that,  is  the  ii,voidnn(U'  of  brown  lieart, — may  alone  be  niiiiid  ;il .  In  that,  case,  it  would 
appciir  Hint,  holds  with  air  circul!i,t,ion  syHl.tunH  are  on  I  lie  whole  sat  isJjK^t-ory  as  at 
pres<'iit  operat,ed.  With  t,h(^  grid  syHlcin,  howc^ver,  safety  c;iiiiiot.  be  insured  without 
gaH-r(;giHt,(!ring  iiiHtrumenlH  and  provision  for  vi'iit  ikil  ion. 

The  second  and  mor(!  H(!ient,ili(!  iiltcrnnt  ive  is  to  inainlain  deliberat.ely  a  desired 
ciirbon  dioxide  per(M'ntii,ge  lev(^l,  with  the  |)iirpose  of  Inking  a.(lva,nt,age  of  tla^  retarding 
elf('ct  of  this  gns  on  the  ripening  of  the  fruit,  li'rom  this  point,  of  view,  the  amount  of 
ventilation  givi'u  by  the  air  circiilnt  ion  Hys(,em.s  would  a|)penr  to  be  excessive,  and  the 
grid  HystcMM  without  fans  or  t  riiidis  would  seem  to  offer  greater  possibilil  ies  for  atmos- 
])h(!re  control.  Hy  restricting  ventilation  as  far  as  is  compatible  with  safety,  the 
amount  of  snow  on  the  grids  is  kept  as  low  as  possible,  since  ventilation  implies  the 
admission  of  outside  air,  and,  unlesH  this  be  artificinlly  dried,  it,  brings  with  it  a  large 
amount   of  moisture. 

No  delinil,e  statement,  regnrding  the  amount  of  this  intentional  ventilation  <'an 
b(!  ma,d(i  to  cover  all  (rases,  except,  thnt,  it,  should  be  siurl  as  to  maintain  the  carbon 
dioxide  concentration  in  the  Imld  nl   iiol  more   thnn   10  pi  r  cent.      In  some  cnses,  no 


MAHINI':   insl'KICllKA  riON 


in;{ 


inl<iil  KiiiMi  \  (III  1 1,1 1  Kill  hi:  IS  ln'  iicci'ssMiy,  I  lie  .'iccidciil  ;il  l>  mKiij^c  mIdhc  hriiin  siiniciciil.. 
Ill  (dlirr  ciiscs,  il  ;i|)|)i';irs  lli.'il  ;is  liilirli  ;is  1(1,(1(10  cil.  I'l  f.l'  I  lie  hold  ii  (  lilnsplicrc  iicr 
<l:iv  iii.'iy  li;i\('  lo  lie  rc|(l;ic((l  hy  Ircsli  nil'.  'I'lic  (•.•iilnui  dioMdc  iincciil  ii^i'  in  (In- 
liiild  is  llic  indicilor  liy  wliicli  llic  sliip's  <ii(j;iiii'ri'  iiiiisl  ii'niil.'ilr  vcid  il.'ii  ion,  ;iiid  il 
wiiiild   I  licrcrdic  lir  csscnliMl   lo  luixc  iiisl  iiiiiicni.s  of  cailioii  dioxide  in  cvriy   liold. 

/\l  MioHpliiM't Ill  Id  I  w  il  lioiil  ,sii('li  i  list  I II II  Kills  is  II H  iinpoNKililc  iiM  Iriiipcriiliii'c  con  I  nil 

nil  lioiil   I  IktiiioiikIcim. 

I'lioiii.i'.M   Oh'  'rioMi'i'iKAi'iiui';   ( 'iiN  rnoi, 


il  is  well  l\no\\ii  lli.'il  I  111'  lrii^;;lli  of  lilV  of  iippics  in  slor!i^;f  is  piolon^i'd  nioic  or 
Irss  propoil  loii.'ili'iy  li\   a  icdiK'lioii  in  trinprral  inc.     'I'iiis  is  due  lo  (wo  ciiiihch: 

1.  A  rclardal  loll  ol  llic  rali'  ol  ripcimif!,  I  he  low  Icnipcralmc  ciuiHiiiK  ii  hIowIuk 
lip  of  all   \  ilal  |»i((ccsscs. 

■J.  Tlic  cliccUiii(i;  of  mold  dcvclopinciil  llic  spores  of  llicsc  fiiiit!;i,  wliicli  are 
invnrialil.N'  prcseiil  on  llic  .skiii  of  I  he  fiiiil,  l>l•lll^;;  lar(i;cly  prevcnled  from  (•;crmmal  iiij^ 
and  invMilinn  I  he  tissues. 

The  (Icsidcrala   wilh  ii'^i,ard  lo  Icmpcral  lire  arc  Ihcreforc: 

1.  ('(Mtiinj!;  of  the  fiiiil  lo  Ml!  de>;.  !''.  lo  ;i  1  de^;.  I'',  wilh  the  leasl  possilile  delay 
afler  )!;allicriiifi;. 

2.  The  mainleiiancc  of  a  uniform  lenipernl  iird  of  ij'i  dcy,.  !''.  I<>  -M  *\ii:[,.  I'.  I  hroiii^h- 
oul    llic  liulk  of   the  ial|^^,o,   aiKl    I  hroiin'lioii  (.  IIk'  V()yilK<'. 

'I'iic  results  olilaincd  mi  llic  expedition  sIkiw  that  il  is  neceHHiiry  to  recognize 
I  li("  (i;real  diflicuil  ies  which  ha\e  (o  lie  overcome  in  order  lo  olilain  even  u  fiiir  working 
approximal  ion  lo  these  desired  conditions,  and  that,  the  licst.  nieiiiiH  of  overcouiiii).'; 
Iliese  dillicultics  is  iiof  yet  known.  The  dilliciillies  increase  in  proportion  lo  Ihe 
hulk  of  Ihe  caifro  carried,  and  the  size  of  llic  hold  employed.  Today,  rcfrij.';c rated 
(•ar^o  holds,  carryiiif;-  apples,  may  li;i  vc  a  capacity  of  SO, 00(1  ciiliic  fed  ,  and  I  his  space 
is  (illcd  with  ail  almosl,  solid  Mock  of  :ip|)lc  cases. 

( 'aJciilatioiiH  based  on  data,  ohl.imcd  liy  the  expedition  indicate  Ih.'il  the  amount, 
of  heat.  whi(!h  liiis  to  lie  I'cmovcd  in  cooling;;  this  carj^o  initiiilly,  say  from  7(1  <\r^!i.  I'. 
to  a  carrying  l('in|)eriitiire  of  155  dep;.  I''.,  is  aliout.  as  urcii.t.  lis  the  total  .•imoiml  of  heal. 
siil)se(iuentiy  t.o  \h'  removed  diiriiifz;  a.  voy;it!;c  of  iiv<'rane  length.  Tin'  heal  heinji; 
p!;cnei'ii.t.i'(l  at,  any  l.inii'  liy  IIk'  .apples  (due  lo  respiration)  is  on  llic  ;i\<ra^'c  Ihrcc  or 
four  times  as  (j;rea,t.  as  the  heal  Icakiiu;  in  llirouj!;li  the  insulalcii  w.alls  and  floor  from 
the  sea.,  'i'lie  lii.al.  which  rcl'ri^^cr.a  I  ion  has  to  remove  llicrefor<'  comes  at  all  tiincH 
lar):;cly  from  the  c;irf/;o,  which  nol,  only  liiiiit;;s  in  a  lar^e  anioiml.  of  solar  heat  when 
loaded  warm,  liiil  .also  ccml  inuoiisly  j!,cnerales  heal,  Ihroii^lioiil.  ils  nia.ss  duiiii|^  the 
voyage. 

'I'lie  inform;il  ion  rc(|uired  was  olilaincd  lo  some  exieni  hy  the  iinliii'cl  melhoil  of 
const  riictinf!;  tliree-dimensional  tcmpcral  lire  nia|)s  of  (he  hold,  at.  diffd'cnl  linicH, 
throughout,  tla^  voy.anc.  This  met  hod  has  tin'  additional  iidva,nlafi;e  of  yielding  direct, 
result  H  aH  to  the  exi  II  me  la  ii(.';e  of  I  cmper.a  I  lire  (list  rihiit  ion  over  I  111'  hold  (in  departure 
from  uniformity),  after  (he  carj^o  has  heen  cooled  down,  and  li.as  reached  a  Hl('a.(ly 
st.!i,t.e. 

'I'lie  results  ohtained  hy  tlic  expcditioji  shfiw  that,  in  lar>.i;e  holds  none  of  l\w 
Hynt,eins  in  use  atiain  a,  uniform  Icmperat  iirc  lhroii|j;lioiil  the  cai^i;o  afi.er  cooiin^i;. 
'I'Ik!  tcMiiperatiire  in  different,  parts  of  the  hohl  varies  rather  widely  even  after  cooiinjr 
down  is  completed  and  the  st.eady  condition  of  n(oranc  readied,  'i'lierc  seems  little 
doiiht    tli.at    slip;ht    niodidcal  ion   in    pr.aclice  will  cITecl    coiisidcrahlc   improvciiicnl    in 
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this  respect.  Each  of  the  different  systems,  however,  presents  its  own  particular 
technical  problem — a  problem  of  detail.  In  general,  the  most  important  agents  in 
promoting  both  quick  cooling  and  uniform  temperature  appear  to  be  (1)  roof  grids 
and  vertical  dunnage  or  (2)  high  velocity,  alternating,  transverse,  cold  air  draughts 
with  transverse  dunnage. 

Chilled  Meat. — Chilled  meat  is  suspended  from  meat  rails  from  the 
under  side  of  the  decks,  and  the  best  deck  height  in  the  clear  is  6  ft.  6  in., 
although  9  ft.  6  in.  can  be  used  and  even  12  ft.  6  in.  or  15  ft.  6  in.  below 
the  rail  has  been  successful,  but  extremes  are  bad  on  account  of  poor  air 
circulation  and  the  difficulty  in  stowing.  Temperatures  may  be  specified 
by  the  shipper,  but  28|  to  29|  is  a  good  value.  As  a  rule,  35  days  is  the 
maximum  storage  for  successful  operation.  Refrigeration  is  obtained 
by  means  of  brine  pipe  coils  suspended  from  under  the  ceiling  and  on 


1^-16--^  Loss  in  rail  capacity 
Fig.  315. — Marine  Refrigeration — Piping,  Insulation  and  Meat  Rails. 


the  sides  of  the  bulkheads,  arranged  preferably  on  the  so-called  interlaced 
system,  with  the  cold,  tepid  and  warm  brine  available  with  an  attem- 
perator  (Fig.  318)  for  the  proper  control  of  the  temperature.  Too  cold  a 
temperature  will  cause  a  shrinkage  of  the  meat,  and  usually  a  temper- 
ature of  the  brine  of  15  to  18  deg.  F.  is  good  practice.  The  cargo  is 
packed  tight  enough  to  prevent  undue  swaying  and  yet  permit  adequate 
air  circulation.  Bulkheads  and  side  coils  must  be  protected  from  the 
meat  by  means  of  battens.  Figure  315  gives  a  good  arrangement  of 
rails  and  piping. 

The  General  Carrier. — The  general  carrier  must  have  space  for  all 
usual  commodities,  and  be  arranged  to  provide  two  temperatures. 
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Mechanical  Equipment. — Lloyd's  requirements  specify  sufficient  ton- 
nage to  maintain  the  necessary  temperature  with  18  hours'  operation. 
The  capacity  of  the  refrigerating  machine  using  carbon  dioxide  while 
operating  in  the  tropics  is  some  60  per  cent  of  the  capacity  in  the  Nortli 
Atlantic  waters,  whereas  the  ammonia  machine  is  80  per  cent.  Figure 
316  gives  an  idea  of  the  ratio  of  the  storage  space  to  the  tonnage  required, 
allowing  for  the  reserve  specified  by  Lloyd's,  under  nominal  speed  of 
the  compressor.  The  kind  of  refrigerant  used  on  shipboard  is  not 
mandatory.  If  ammonia  is  used  it  must  be  in  a  separate  room  and 
vented  (usually  on  one  of  the  upper  decks),  whereas  carbon  dioxide  may 
be  used  in  the  main  engine  room.  Some  of  the  trade  uses  ammonia 
almost  entirely,  as,  for  example,  the  British  ships  in  the  River  Plate 
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Fig.  316. — Marine  Refrigeration — Tonnage  Required  of  Carbonic  and  Ammonia 

Compressors. 

service,  and  some  of  the  largest  refrigerator  ships  on  the  Australian  and 
the  New  Zealand  routes.  The  brine  cooler  room  contains  the  brine 
tank,  the  distributing  header  and  the  pump  connections.  Insulation 
is  usually  of  4  in.  corkboard  in  two  layers,  or  its  equivalent.  The  brine 
cooler  is  usually  the  double  pipe  or  the  shell  and  tube  for  ammonia, 
whereas  with  carbon  dioxide  the  continuously  welded  iron  pipe  coils  in 
separate  nests  in  a  cast  iron  box,  or  continuous  circular  iron  pipe  coils 
also  nested  are  usual. 

The  condensers  are  of  copper  for  carbon  dioxide,  of  the  submerged 
design,  nested  in  rectangular  boxes  in  the  frame  of  the  compressor.  As 
copper  cannot  be  used  for  ammonia,  the  double-pipe  ammonia  condenser 
as  well  as  the  shell  and  tube  are  mostly  used.  All  equipment  must  be 
paired,  or  duplex,  and  sufficient  spares  must  be  carried  in  accordance 
with  Lloyd's  regulations. 
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498  COLD  STORAGE 

DISTRICT  COOLING   (Pipe  Line  Refrigeration) 

Pipe  line  refrigeration  has,  like  central  heating  systems,  particular 
and  special  applications.  Its  field  is  in  the  rather  congested  commission 
house  and  cold  storage  warehouse  district,  where  the  feed  lines  do  not 
have  to  be  made  excessively  long  in  order  to  pick  up  the  load.  The 
service  needs  to  be  fairly  well  established  at  the  beginning  as  extensions 
cannot  be  made  with  economy  after  the  initial  installation,  except  to 
spread  out  into  a  wider  area  by  installing  a  new  compression  plant  at  a 
new  central  location.  The  result  has  been  that  applications  of  pipe 
line  refrigeration  are  relatively  few  in  number  and  consist  of  plants 
located  in  the  larger  cities  such  as  Boston,  New  York,  Philadelphia, 
St.  Louis,  Kansas  City,  etc.  The  Quincy  Market  Cold  Storage  and 
Warehouse  Company,  of  Boston,  has  changed  from  direct  expansion  to 
brine,  and  is  now  carrying  over  1400  services  with  L500  tons  refrigera- 
tion of  connected  load,  but  the  warehouse  service  is  separate.  The 
Merchants  Refrigerating  Company,  of  New  York,  has  brine  refrigeration 
only  (at  zero  deg.  F.),  and  carries  400  services  from  200  to  15,000  cu.  ft. 
of  cold  storage  and  besides  has  some  small  warehouses  aggregating 
2,750,000  cu.  ft.,  of  which  35  per  cent  is  freezer  and  G5  per  cent  is  cooler 
space  (31  to  35  deg.  P.).  The  St.  Louis  plant,  however,  is  direct  expan- 
sion, and  in  general  it  can  be  said  that  the  brine  system  construction 
costs  from  40  to  GO  per  cent  more  than  does  the  ammonia  direct 
expansion. 

The  choice  as  to  whether  a  brine  system  is  to  be  used  or  a  direct 
expansion  one,  depends  to  a  certain  extent  on  local  conditions  and  can- 
not be  decided  offhand  without  knowledge  of  all  the  facts.  The  pipe 
line  system  of  refrigeration  is  in  reality  only  a  large  ordinary  plant 
where  the  mains  are  under  the  street.  The  construction  cost  is  in  favor 
of  the  direct  expansion,  especially  when  it  is  remembered  that  the  liquid 
and  the  gas  return  lines  to  the  compressor  are  not  insulated.  This  is 
because  of  the  fact  that  the  evaporating  coils  in  the  cold  storage  boxes 
are  very  liberally  piped,  and  the  expansion  valve  is  operated  so  that 
superheated  ammonia  is  brought  back  to  the  street  mains  by  having 
several  boxes  in  series  if  necessary  and  thereby  eliminating  frost  on  the 
pipe  lines  in  the  street.  The  result  of  this  procedure  is  that  the  return 
gas  has  the  temperature  of  the  pipe  trench  which  usually  in  midsummer 
(as  it  is  below  the  frost  line)  is  at  70  to  75  deg.  P.,  so  that  about  50  degrees 
of  superheat  is  contained  in  the  return  gas.  If  direct  expansion  is 
employed  the  piping  is  usually  designed  for  some  10  to  15  lb.  per  sq.  in. 
drop  from  the  most  remote  box  to  the  compressor.  If  operation  requires 
a  boiling  temperature  corresponding  to  25  lb.  gage  pressure,  namely 
12  deg.  P.,  then  approximately  10  lb.  gage  pressure  will  be  had  at  the 
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compressor.  The  loss  in  capacity  (as  compared  with  25  lb.  gage  and 
10  degrees  superheat)  is  48  per  cent,  and  the  increased  horse  power  per 
ton  of  refrigeration  is  73  per  cent.  The  loss  of  ammonia  in  the  Boston 
plant  before  the  change  to  brine  operation  is  stated  to  have  been  as  much 
as  S15,000  to  $20,000  per  year. 

When  using  brine  both  supply  and  return  lines  need  to  be  carefully 
insulated.  Judging  from  the  experiences  of  the  Boston  and  the  New 
York  systems,  the  larger  plants  are  practically  obliged  to  use  brine.  The 
control  of  the  temperatures  in  the  boxes  is  made  possible  very  easily  by 
the  regulation  of  the  amount  of  the  brine  flowing  through  the  box  coils, 
and  there  is  no  danger  from  the  escaping  fumes — should  a  break  in  the 
pipes  occur — either  to  life  or  to  the  commodity  being  stored.  With  brine 
it  is  possible  to  install  indicating  and  control  systems,  which  will  indicate 
by  an  alarm  when  leaks  in  the  brine  line  develop,  of  the  magnitude  of 
approximately  one-half  barrel  of  brine  within  a  determined  short  time 
interval,  and  on  hearing  this  alarm  the  operator  can  close  within 
30  seconds  all  the  main  stop  valves  in  the  street  system  by  closing  the 
switch  connected  to  the  motors  on  these  valves.^^  By  this  arrangement 
the  brine  system  is  divided  into  a  number  of  parts,  the  leak  is  localized, 
and  the  remainder  of  the  brine  system  can  be  put  back  on  the  load, 
without  much  loss  of  brine  and  without  waiting  for  repairs  to  be  made. 
Continuity  of  service  is  easier  with  brine  than  with  direct  expansion  by 
utiUzing  brine  storage,  as,  for  example,  the  Merchants  Refrigerating 
Company  (operating  with  zero  degree  brine),  has  a  large  amount  of 
strong  calcium  chloride  brine  kept  at  32  deg.  F.,  whereas  the  Boston 
plant  circulates  10,000,000  gal.  of  brine  per  24  hours  and  has  6,000,000 
gal.  in  reserve.  This  plant  makes  use  of  a  high-duty  reciprocating 
pumping  engine. 

As  regards  the  cost  of  the  operation  of  the  brine  sj^stem,  this  is,  of 
course,  dependent  on  the  design.  The  problem  is  very  similar  to  that 
of  a  cold  storage  warehouse.  The  circulating  pump  may  have  only  the 
friction  head  and  the  velocity  head  to  overcome  in  the  case  of  balanced 
systems,  and  it  may  have  in  addition  the  lift  to  the  highest  point  in  the 
piping  if  the  system  is  an  open  one.  The  pressures  against  which  the 
pump  has  to  operate  are  given  by  A.  W.  Oakley  as  60.5,  55.5,  and 
50.5  lb.  per  sq.  in.,  corresponding  to  113.5,  104.2,  and  95.0  ft.  of  brine 
head  respectively.  Using  a  nominal  value  of  6.0  gal.  of  brine  per  ton  of 
refrigeration  per  minute,  and  a  density  of  1.23,  the  horse  power  per  ton 
becomes 

6.0  X  1.23  X  8.33  X  113.5 

33:000 =  »-2"- 

22  A.  W.  Oakley,  Refrigerating  Engineering,  December,  1924. 
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Piping. — The  piping  for  brine  can  be  full  weight  steel  or  wroiight- 
iron  pipe,  using  flanged  joints  and  ring  gaskets  and  in  some  cases  the 
alternate  joint  is  made  with  heavy  cast-iron  sleeves  and  is  caulked  with 
lead,  or  this  may  be  of  cast  iron  using  the  bell  and  spigot,  the  flanged 
and  screw  thread  or  the  gland  end  types.  For  ammonia  it  is  usual  to 
employ  full  weight  pipe  for  pipe  sizes  4  in.  and  over  and  extra  heavy 
pipe  for  sizes  under  4  in.  The  Merchants  Refrigerating  Company  uses  a 
dual  system,  so  that  if  one  circuit  develops  a  leak  the  other  circuit  can 
continue  with  the  load  until  the  leak  is  repaired.  The  direct-expansion 
ammonia  system  requires  besides  the  liquid  and  the  suction  gas  line  a 
third  line  for  pumping  out  purposes.  It  is  necessary  to  place  all  piping 
below  the  frost  line  (from  3  to  7  ft.  below  the  surface),  and  if  possible 
to  confine  all  connections  to  the  manholes  which  are  located  at  the 
intersecting  streets.  The  tendency  seems  to  be  to  use  all  welded  pipe 
as  far  as  possible  between  manholes.  Expansion  joints  must  be  provided 
every  500  ft.  at  a  maximum,  and  every  300  ft.  where  heavy  distributing 
pipe  lines  are  taken  off  the  mains.  These  expansion  joints  should  be 
located  at  the  manholes,  and  they  may  be  of  the  slip  joint,  the  corru- 
gated or  the  U-type,  the  pipe  being  suitably  anchored  at  some  con- 
venient point  thereby  permitting  the  change  of  length  of  the  pipe  to  be 
taken  up  by  the  expansion  joint.  The  pipe  is  subjected  to  a  possible 
change  of  temperature  of  from  70  to  100  deg.  F.  The  change  of  pipe 
length  corresponding  to  this  temperature  change  is  0.75  in.  per  100  ft. 
of  pipe.  If  the  slip  joint  t^^pe  is  used  the  finished  surface  of  the  sleeve 
should  be  kept  smeared  with  grease  so  as  to  prevent  tearing  of  the 
packing  of  the  gland  which  may  under  extreme  conditions  have  a  move- 
ment of  of  2.5  to  3.0  in.  Valves  not  placed  in  the  manholes  should 
have  an  extension  valve  stem.  Service  branches  should  not  come  up 
into  the  frost  lines,  and  should  take  off  from  the  top  of  the  main,  using 
a  nipple  and  ell  so  as  to  permit  some  freedom  of  movement  to  conform 
to  the  expansion  and  the  contraction  of  the  main.  The  coils  in  the  boxes 
should  all  have  stop  valves  in  the  supply  and  the  return,  and  (for  brine) 
air  valves  at  the  high  points  and  a  lock  valve  so  as  to  regulate  the 
maximum  amount  of  brine  flow.  The  brine  cooler  generally  used  is  the 
shell  and  tube  design,  since  this  is  efficient  and  easily  cleaned.  The 
number  of  passes  of  the  brine  varies  considerably,  and  there  may  be  two 
or  more  up  to  (possibly)  eight,  but  as  a  rule  four  passes  of  the  brine 
through  the  tubes  are  sufficient. 

Insulation. — The  type  of  insulation  varies  with  the  different  installa- 
tions. In  Fig.  319  there  are  several  methods  in  use.  If  a  wooden  box  is  used 
the  wood  should  be  waterproofed  (kananized  treated) .  The  pipe  conduit 
or  box  is  packed,  frequently,  with  a  concrete  of  granulated  cork  and  pitch. 
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Medium  weight  rubberoid  sealed  &  secured  with  No.  12  copper  wire 
3  Layers  1"  hair  felt  secured  with  3-  ply  jute  twine |"pitch 
3  Asphalt  paper 
,Hair  felt 


Brine  return. 


"■  Creosoted  block 


Compressed 

air  or  vacuum 

lines 


^^^^^^  Granulated 


cork  &  asphalt 
I'Hair  felt 


i^^^^^sa^^^S 


Drain  tile 
(c) 


Supports 
every  12  feet 


Creosoted 
"  casing 


Split  tile 
conduit 


(d) 


Fig.  319.— District  Cooling  Details  of  Piping. 
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R.  H.  Tait2-  says  that 
in  St.  Louis  59  per  cent 
of  all  connections  are  of 
300  cu.  ft.  capacity  or  less, 
17  per  cent  are  of  300  to 
600  cu.  ft.,  14  per  cent 
are  of  600  to  1200  cu.  ft., 
and  10  per  cent  are  of 
1200  and  over,  and  that 
he  figured  on  7500  cu.  ft. 
of  cold  storage  at  32  to  36 
deg.  F.  per  ton  of  refrig- 
eration, whereas  the  prac- 
tice in  Boston,  according 
to  F.  L.  Fairbanks,  is  only 
2800  cu.  ft.  The  load  on 
the  plant  depends  on  the 
relative  amounts  of  freezer 
and  cooler  space,  as  the 
freezer  is  refrigerated  for 
from  9  to  12  months, 
whereas  the  cooler  is  under 
load  only  about  6  months. 
The  larger  boxes  are  usu- 
ally charged  according  to 
the  refrigeration  supplied, 
but  the  smaller  ones  are 
on  a  flat  rate  per  cubic 
foot,  depending  on  the 
details  of  the  box  and  the 
temperature  carried  in  the 
room. 


REFRIGERATION    IN 
BAKERY 


THE 


The  modern  bakery  of 
100,000  loaves  per  week 
includes    in     its    process 

2^  R.  H.  Tait,  American 
Society  of  Refrigerating  En- 
gineers, 1913. 
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several  steps  where  mechanical  refrigeration  is  now  considered  an  eco- 
nomic necessity.  These  include  (a)  the  50  deg.  F.  cold  storage  room  of 
about  100  to  200  sq.  ft.  floor  area  for  yeast,  shortening,  malt  and  milk; 

(b)  a  coohng  tank  for  lowering  the  temperature  of  the  dough  water  to  40 
degrees,  or  lower,  on  the  basis  of  about  25  per  cent  water  by  weight; 

(c)  the  cooling  of  the  mixers  either  by  the  use  of  brine  at  10  to  20  deg.  F. 
or  water  coils  with  water  at  about  35  degrees  with  the  addition  of 
crushed  ice.  The  water  coil  system  is  the  popular  method  of  cooling, 
but  blowing  the  air  at  about  32  degrees  is  increasing  in  use;  (d)  cool  the 
air  in  the  dough  room  (mixer)  down  to  78  degrees  when  this  is  necessary 
and  (e)  provide  a  cold  storage  for  waxed  paper  at  55  to  60  deg.  F.  to 
prevent  the  paper  sticking.  ^^ 
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Fig.  321. — Bakery  Refrigeration^Dough  Mixer. 


In  mixing  the  dough  it  is  desired  to  develop  the  gluten  so  that  the 
structure  of  the  dough  will  be  sufficiently  elastic  and  strong  enough  to 
hold  in  confinement  the  gas  which  is  produced  by  the  fermentation 
process.  The  power  which  is  consumed  in  the  mixing  develops  heat 
(the  heat  equivalent  of  the  work  done)  and  the  more  rapid  the  mix  the 
faster  the  temperature  rise  will  take  place.  A  certain  type  of  mixer 
requires  20  minutes  for  the  mix,  and  every  minute  over  10  minutes  gives 
a  marked  increase  in  the  quality,  but  should  heating  prevent  the  last 
part  of  the  process  an  inferior  bread  will  result.  The  cooling  by  blowing 
cold  air  into  the  dough  as  it  is  mixed  has  a  bleaching  effect  and  produces 
a  white  bread,  and  it  appears  to  assist  fermentation.^'' 

"  W.  W.  Reece,  Chicago  Section,  A.S.R.E.,  October,  1923. 
2^  H.  L.  Fisher,  A.S.R.E.,  April,  1923. 
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l"  Water  supply  line-N^ 
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Fig.  322. — Bakery  Refrigeration — Water  and  Air  Coolers. 
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In  bakery  refrigeration  it  is  usual  to  figure  on  250  loaves  of  bread 
per  barrel  of  flour  of  196  lb.  The  dough  mixers  vary  in  size  (Fig.  320), 
but  the  3-barrel  type  is  the  one  which  operates  at  greatest  advantage 
Such  a  size  would  use  588  lb.  of  flour  and  110  lb.  of  water,  cooled  to 
35  degrees.  During  mixing,  750  cu.  ft.  per  min.  of  air  at  32  deg.  F. 
and  under  3|  oz.  pressure  is  supplied  each  mixer.  The  problem  of  the 
calculation  of  the  refrigeration  requirements  varies  with  the  location 
(as  regards  the  maximum  summer  temperatures)  and  on  the  construc- 
tion of  the  building,  the  exposure,  the  window  areas  and  other  pertinent 
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Brine  outlet 
Brine  inlet 


Z'Water  outlet 


Assembly  of  Water  Cooling  Apparatus 

Fig.  323. — Bakery  Refrigeration — Water  Coolers. 


factors.    As  an  illustration,  the  following  will  give  an  idea  of  the  larger 
refrigerating  quantities: 

Problem. — Find  the  refrigeration  required  in  a  bakery  of  60,000  loaves  capacity 
per  8  hours  per  day.    The  outside  air  temperature  in  90  and  the  wet  bulb  is  75  deg.  V. 

The  capacity  is  60,000  -r-  250  =  240  bbl.  per  day  =  30  bbl.  per  hr.  At  the  rate 
of  20  min.  per  batch  there  will  be  an  average  of  30  -r-  9  =  31  mixers  in  continuous 
service.  The  air  requirements  will  be:  3^  X  750  =  2500  cu.  ft.  per  minute  to  be 
cooled  from  a  wet  bulb  temperature  of  75  degrees  to  32  degrees.  The  volume  of 
1  lb.  of  air  is  12.47. 

2500  -=-  12.47  X  (37.8  -  11.8)"  =  5220  B.t.u. 

2'  In  all  air  cooling  the  psychrometric  chart  (Fig.  326)  may  be  used. 
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Assuming  that  the  initial  water  temperature  is  80  deg.  F.,  the  heat  removed  is: 

no  X  3^  X  (80  -  35)  ^  ^^^  ^^^ 

20 
Total  refrigeration  =  6045  B.t.u. 

=  30.2  tons. 

As  the  preceding  calculation  is  liberal  it  will  provide  for  the  small 
requirements  of  the  storage  rooms  for  the  waxed  paper,  the  yeast, 
shortening,  malt  and  the  milk.  In  fact,  plants  of  this  capacity  in  and  near 
the  vicinity  of  Milwaukee  use  about  20  tons  of  refrigeration,  but  possibly 
with  a  longer  day  than  eight  hours,  in  which  case  the  calculated  capacity 
would  be  reduced  in  proportion.  Figures  321,  322  and  323  give  details 
of  bakery  refrigeration. 


CHAPTER  XV 
THE  COOLING  AND  CONDITIONING  OF  AIR 

One  of  the  most  important  applications  of  mechanical  refrigeration 
is  that  of  the  cooling  and  conditioning  of  air,  which,  being  a  fluid,  can 
be  made  to  act  conveniently  as  a  carrier  of  refrigeration.  Examples  of 
air  cooling  and  conditioning  are:  in  the  process  of  the  chilling  of  glue, 
cooling  films  for  cameras  and  for  motion  pictures,  or  even  for  making 
gelatine  capsules,  either  because  the  emulsion  needs  to  be  hardened 
quickly  or  because  the  commodity  must  be  chilled  quickly  from  the 
fluid  to  the  semi-fluid  or  solid  condition.  At  times  the  problem  becomes 
one  of  simply  keeping  the  workroom  moderately  cool  and  properly 
humid,  or  it  may  be  (as  in  certain  chemical  plants)  that  of  lowering  in 
temperature  sufficiently  the  containers  of  a  gas  being  handled  to  pre- 
vent the  danger  of  its  escape  into  the  atmosphere  of  the  workroom. 
An  example  of  this  last  is  to  be  found  in  the  case  of  the  shell-filling 
stations  where  phosgene  gas  is  charged  into  shells.  Just  what  system  of 
air  cooling  needs  to  be  employed  in  each  case  depends  on  the  particular 
process.  In  extreme  cases  what  is  rec^uired  particularly  is  a  certain  low 
humidity  of  the  air,  obtained  by  cooling  the  air  down  to  a  temperature 
sufficient  to  give  the  desired  water  content  to  the  air.  Such  a  condition 
the  Gayley  method,  now  obsolete,  tried  to  meet  by  condensing  out  the 
water  content  of  the  air  by  cooling  it  down  to  25  deg.  F.  (it  being  desired 
to  hold  the  moisture  content  at  20  grains  of  water  per  one  pound  of  dry 
air),  subsequently  heating  it  to  the  usual  blast  temperature  of  3000 
deg.  F.  before  supplying  it  to  the  blast  furnace. 

In  cooling  air  it  is  possible  to  use  a  bunker  room  through  which  the 
air  is  forced  and  brought  into  contact  with  the  refrigerated  pipes,  but 
this  method  is  poor  because  of  the  likelihood  of  heavy  frostation  on  the 
pipes  and  the  consequent  lowering  of  the  efficiency  of  heat  transfer. 
The  more  usual  method  at  present  is  to  cool  by  the  use  of  a  spray 
chamber,  using  a  water  spray  in  the  case  of  temperatures  above  35  deg. 
F.,  and  water  and  brine  sprays  in  two  separate  stages  in  cases  of  temper- 
atures below  35  degrees.  When  water  is  used  it  is  usually  cooled  by  the 
use  of  a  Baudalot  cooler  (Fig.  342),  where  the  refrigerant  boils  in  the 
inside  of  the  pipes  and  the  water  trickles  from  the  outside  of  the  top 
pipe  down  to  the  lowest  pipes  by  gravity.  The  air  to  be  cooled  is  cir- 
culated through  an  air  chamber  where  it  comes  into  intimate  contact 

507 


508 


THE   COOLING   AND   CONDITIONING  OF  AIR 


with  the  water  which  is  atomized  by  the  nozzles  through  which  the 
water  passes. 

Moisture  Content. — In  air  cooling  and  conditioning  certain  terms, 
pecuhar  to  the  conditions,  are  used.  The  wet  bulb  temperature  is  that 
temperature  obtained  when  a  thermometer  with  a  wetted  gauze  is  ex- 
posed to  the  air  in  motion— preferably  at  a  velocity  of  15  ft.  per  second. 
It  is  a  depressed  temperature,  below  that  of  the  ordinary  dry  bulb 
temperature,  and  the  amount  of  this  depression  depends  on  the  moisture 
content  in  the  air.  The  maximum  amount  of  water  content  which  can 
be  absorbed  by  a  unit  weight  of  dry  air  at  constant  pressure  depends  on 
the  air  temperature,  and  this  varies  from  44.2  grains  at  45  deg.  F.  to 

Cooling  coIIsn 


Elevation 
Fig.  324. — Method  Employed  in  Cooling  Certain  Commodities. 

155.8  grains  at  80  deg.  F.  per  1  lb.  of  dry  air.  The  "dew  point"  temper- 
ature is  that  temperature  at  which  air  is  saturated  with  moisture  and 
beyond  which  any  further  reduction  of  temperature  will  cause  a  pre- 
cipitation of  water. ^  Incidentally,  the  dew  point  and  the  wet  bulb  temper- 
1  The  humidity  may  be  expressed  approximately  as  a  ratio  of  the  pressures. 
If  pi  is  the  pressure  of  the  water  vapor  at  some  given  condition,  p2  the  pressure  of 
saturation  at  a  lower  temperature,  and  ps  the  pressure  of  saturated  vapor  at  the 
temperature  corresponding  to  the  given  condition  pi,  it  can  be  stated  approximately 
that 

pi  =  P2  =  MBT; 

P3  =  MxBT; 
tJierefore 

M      _    P2 

Ml      pz 
where  Fi  =  10; 

M  =  the  weight  in  lb. ; 

B  =  the  gas  constant; 

T  —  the  absolute  temperature  in  deg.  F.  abs. 
or  the  humidity  is  the  ratio  of  the  dew  point  pressure  to  the  pressure  of  saturation 
at  the  temperature  of  the  given  condition. 
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atures  are  quite  distinct.  The  relative  humidity  can  be  defined  as  the 
ratio  of  the  weight  of  the  moisture  present  in  a  certain  volume  of  air  to 
the  amount  that  could  be  present  if  the  air  were  saturated.  This  value 
is  usually  expressed  as  a  per  cent. 

The  Psychrometric  Chart. — Fig.  325  ^  represents  a  chart  used  for 
solving  problems  in  air  cooling.  In  the  diagram  it  will  be  noticed  that 
such  a  point  as  "A"  represents  a  condition  of  65  deg.  F.  dry  bulb 
temperature  and  60  per  cent  relative  humidity.  Lines  sloping  down- 
ward to  the  right  are  lines  of  constant  wet  bulb  temperature,  and  "C" 
is  the  temperature  (56.7  deg.  F.)  of  the  wet  bulb  and  "i?"  is  the  dew 
point  temperature  (50.7  deg.  F.).  The  moisture  content  of  "A"  is 
55  grains  per  one  pound  of  dry  air,  as  is  every  other  point  on  a  horizontal 
line  drawn  through  "A."  In  the  diagram  the  total  heat  measured  from 
0  deg.  F.  is  given  by  the  curve  (marked  "total  heat").  It  has  been 
found  by  experiment  that  the  heat  removed  in  the  cooling  of  air  can  be 
obtained  by  getting  the  difference  in  the  total  heats  correspond  to  the 
wet  bulb  temperature  at  the  beginning  and  the  final  conditions.  For 
example,  if  air  is  to  be  cooled  from  a  condition  of  65  deg.  F.  dry  bulb 
and  60  per  cent  relative  humidity  to  the  dew  point  temperature,  the 
total  heats  from  the  diagram  are  24.1  and  20.75  B.t.u.  respectivelj^. 
The  volume  of  a  pound  of  dry  air  with  various  moisture  contents  can  be 
found  by  referring  to  the  two  volume  curves;  for  example,  at  51  deg.  F. 
the  volume  of  one  pound  of  dry  air  is  12.87  cu.  ft.,  and  when  saturated 
with  moisture  it  is  13 .  03  cu.  ft.  With  the  foregoing  it  is  now  possible  to 
proceed  with  an  illustrative  example,  and  this  will  be  made  general 
enough  so  that  the  method  of  solution  may  be  used  in  other  problems 
if  the  details  of  the  particular  job  are  known.  In  calculating  the  refrigera- 
tion required  it  is  generally  necessary  to  make  allowance  for  all  sources 
of  heat,  i.e.,  the  heat  equivalent  of  the  work  done,  the  heating  effect  of 
the  electrical  losses  (the  Pr  losses),  all  process  heating,  the  heat  generated 
by  the  illumination,  animal  heat,  heat  of  chemical  reactions,  etc. 

Problem. — A  room  in  an  industrial  plant  is  to  be  maintained  at  a  temperature 
of  65  deg.  F.  and  60  per  cent  relative  humidity  (Fig.  327).  Its  cubical  contents  is 
204,300  cu.  ft.,  and  it  has  1248  sq.  ft.  of  glass  and  908  sq.  ft.  of  wall  surface  exposed 
to  the  Sim's  rays,  and  2154  sq.  ft.  of  glass,  1863  sq.  ft.  of  wall,  2728  sq.  ft.  of  par- 
tition and  12,770  sq.  ft.  of  floor  area  subject  to  heat  leakage.  The  outside  temper- 
ature of  the  air  will  be  taken  as  95  deg.  F.  maximum,  with  a  wet  bulb  temperature 
of  76  deg.  F.  The  infiltration  loss  will  be  assumed  as  a  complete  change  of  the  air 
of  the  room  in  five  hours.  The  maximum  number  of  operators  will  be  taken  as 
500  persons  at  any  one  time,  and  the  illumination  will  be  taken  as  39  250-watt 
lamps.    It  is  required  to  find  the  total  refrigeration,  the  size  of  the  fan  required  to 

*  Willis  Carrier,  Transactions  of  the  American  Society  of  Mechanical  Engineers, 
1911. 
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circulate  the  air  and  the  amount  of  water  required  to  be  pumped  through  the  sprays, 
if  the  water  is  to  be  heated  by  the  air  from  43  to  51  deg.  F.  Also  it  is  required  to 
find  the  number  of  sprays,  the  amoimt  of  baffles  and  eliminator  surface,  and  the 
size  of  the  ducts  to  convey  the  cooled  air  to  the  different  parts  of  the  room. 

f'a/c«ta/ion.--Referring  to  Fig.  325,  point  A  is  found  at  the  intersection  of  the 
60  per  cent  humidity  line  and  the  dry  bulb  temperature  of  65  deg.  F.  The  line  AB 
is  drawn  so  as  to  show  the  process  of  heating  or  cooling  at  a  constant  water  content 
in  the  air — in  this  case  a  constant  weight  of  55  grains  of  water  per  pound  of  dry  air. 
Point  B  indicates  that  the  dew  point  required  from  the  conditions  of  the  problem 
must  be  50.7  deg.  F.,  and  the  wet  bulb  temperature  (point T)  must  be  56.7  degrees. 
If  the  air  passed  through  the  spray  chamber  is  to  have  the  sai-'^ible  heat  only  removed 
from  it  so  that  the  moisture  content  will  always  remain  at  55  grains,  then  the  air 
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Air  duct  for  Air  Conditioning  and  Cooling 
Fig.  327. — Problem  in  Air  Conditioning. 


must  be  cooled  down  to  50.7  deg.  F.  and  sufficient  air  must  be  circulated  in  order 
that  the  total  heat  entering  the  room,  and  tending  to  raise  the  air  temperature,  will 
be  removed  by  the  sprays. 

Ileal  Leakage. — The  heat  leakage  will  be: 


The  effect  of  Ihe  direct  radiation  (of  the  sun) : 

1248  sq.  ft.  of  glass  at  0 . 5  B.t.u.  per  sq.  ft.  (per  minute) 
908  sq.  ft.  of  wall  at  0. 1  B.t.u.  per  sq.  ft.  (per  minute) 


624  B.t.u.  per  minute. 
91  B.t.u.  per  minute. 


(These  values  of  0.5  and  0.1  are  practical  experimental  values  to  account  for  the 
radiant  heat  of  the  sun's  rays.) 


People. 


500  X  5.0  =  2500  B.t.u. 


(The  value  5.0  is  the  sensible  heat  given  off  by  each  workman  per  minute.  This 
and  the  other  values  in  the  calculation  of  the  amount  of  air  to  be  circulated  by  the 
fan  are  the  heat  units  tending  to  raise  the  temperature  of  the  air.) 
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Heat  Leakage  (by  conduction)  ^: 


Glass. 
Wall. 
Partition. 
Floor. 


Infiltration. 


Illumination. 


2,152  X  0.46    X  (95  -  65) 

1,863  X  0.075  X  (95  -  65) 

2,728  X  0.09    X  (95  -  65) 

12,770  X  0.08     X  (95  -  65) 

Total  heat  leakage  per  hour 

Total  heat  leakage  per  minute 

204,300  X  0.250  X  (95  -  65) 
60  X  5.0  X  13.5 

39  X  250  X  42.4 

746 

Total  sensible  heat  per  minute 
5  per  cent  for  contingencies 
Estimated  heating  effect  of  the 
circulating  fan 


=  29,700  B.t.u.  per  hour. 
=  4,200  B.t.u.  per  hour. 
=  7,370  B.t.'a.  per  hour. 
=  30,700  B.t.u.  per  hour. 
=  71,970  B.t.u. 
=     1,200  B.t.u. 

=       379  B.t.u.  j)er  minute. 

=       556  B.t.u.  per  minute. 

=    5,350  B.t.u. 
267  B.t.u. 

272  B.t.u. 


Total  =     5,889  B.t.u.  per  minute. 

This  amount  of  sensible  heat,  5889  B.t.u.,  is  the  total  heat  entering  the  room 
from  all  the  sources  tending  to  raise  the  temperature  of  the  air  in  the  room,  and  this 
is  the  only  factor  affecting  the  capacity  of  the  fan.  As  refrigeration  is  to  be  accom- 
plished by  means  of  water  sprays  in  a  spray  chamber  it  is  necessary  to  move  enough 
air  through  this  chamber  so  that  heat  will  be  absorbed  by  the  water  at  the  rate  of 
5883  B.t.u.  per  minute.  This  air  so  circulated  leaves  the  room  at  65  deg.  F.  and 
reenters  it  again  from  the  sprays  at  50 , 7  deg.  F.  In  other  words  there  is  a  rise  of 
temperature  of  14.3  degrees,  and  the  ability  of  the  air  to  absorb  heat  will  depend  on 
this  rise  of  temperature  and  its  specific  heat.  If  the  specific  heat  is  taken  as  0.245 
B.t.u.,  then  the  number  of    pounds  of  air  to  be  circulated  per  minute  will  be 


5889 


-  =  1680  lb. 


04T3}X  0.245 

As  the  air  entering  the  fan  is  saturated  with  moisture  the  specific  volume  will  be 
13.03  cu.  ft.,  and  the  total  volume  required  at  the  entrance  of  the  fan  will  be 

1680  X  13.03  =v21^890^u.;  ft.  per  minute. 

Refrigeration  Required. — The  preceding  calculation  was  only  for  the  purpose  of 
estimating  the  size  of  the  fan.  The  heat  absorbed  by  the  air  is  not  the  refrigeration 
required  of  the  refrigeration  plant.  As  a  matter  of  fact  it  is  only  about  one-half  of 
the  required  amount.  In  the  present  problem  a  certain  amount  of  air  has  to  be 
renewed,  and  a  certain  amount  may  be  recirculated.  In  this  problem  10  per  cent 
will  be  fresh  air,  and  90  per  cent  will  be  recirculated,  and  will  be  cooled  from  the 
conditions  of  60  per  cent  humidity  and  65  deg.  F.  dry  bulb  to  50 . 7  degrees.  The 
fresh  air  will  be  cooled  from  95  deg.  F.  dry  bulb  and  76  wet  bulb  to  the  san  e  temper- 
ature of  50. 7  degrees.    The  total  heat  in  either  case  will  be  found  by  going  upwards 


'  These  values  can  be  found  by  the  method  given  in  Chapter  \T. 
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from  the  wet  bulb  temperature,  100   per  cent  humidity  Hne,  to  the  total  heat  line 
and  then  reading  the  total  heat  from  the  corresponding  point  on  the  scale. 

The  total  heat  at  76  deg.  wet  bulb 38 . 7     B.t.u.       " 

The  total  heat  at  50 . 7  deg.  wet  bulb 20. 75  B.t.u.      ^ 


Heat  removed  per  1  lb.  air 17 .  95  B.t.u. 

The  total  cooling  of  the  fresh  air  will  be  0, 10  X  1680  X  17.95  =  3020  B.t.u. 
The  total  heat  of  the  air  at  56 » 7  deg.  F.  wet  bulb . 


The  total  heat  of  the  air  at  50 . 7  deg.  F.  wet  bulb . 


24.20  B.t.u. 
20.75  B.t.u. 


Heat  removed  per  1  lb.  of  air 3.45  B.t.u. 


At  least  20  or  over  on  center 
Vel.  air  500  ft.  per  minute 


Water  drain  to  troughs 


Baudalot  cooler  35  linear 
'  ft.  1  j  pipe  per  ton 


Mi:t  nozzles,  about  5  lb. 

per  sq,  in.  water  pressure  21  9U(J  Cu.  ft 

Washers  and  eliminators       ^'f  P^f  min 
\Temperature  air-50.7°^ 
100%  humidify 


To  centrifugal  pump 


Plan 


Fig.  328. — Water  Spray  Chamber  for  Air  Conditioning. 


The  total  cooling  of  the  recirculated  air  is  0.90  X  1680  X  3.45  =  5210  B.t.u.  A 
certain  amount  of  moisture  will  enter  the  air  in  the  room,  which  will  tend  to  increase 
the  moisture  content.  This  will  be  condensed  in  the  spray  chamber,  and  will  add 
this  much  more  to  the  refrigerating  load.  The  amount  of  this  moisture  entering 
with  the  air  of  infiltration  is 


204,300 
5  X60 


681  cu.  ft.  per  minute. 


The  volume  of  1  lb.  of  air  at  95  deg.   F.  and  42  per  cent  relative  humidity  is  equal 
to  13.98  +  (0.82  X  0.42)  =  14.32  cu.  ft.    When  this  air  enters  the  room  it  will  be 
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cooled  to  65  degrees  and  some  of  the  water  content  will  be  condensed.    The  excess 
moisture  brought  into  the  room  will  be  then: 

681  X  (108  -  55) 

^ =  0.360  lb. 

14 .  32  X  7000 

As  only  90  per  cent  of  the  air  in  the  room  is  recirculated  the  refrigeration  required  is 

0.90  X  0.360  X  1060  =  344  B.t.u. 
To  these  must  be  added: 

The  latent  heat  of  the  operators,                         0.9  X  500  X  3.0  =  1,350  B.t.u. 

The  heat  effect  of  the  water  circulating  pump  (estimated)  at  5  hp.  =  212  B.t.u. 

Radiation  effect  into  the  room  (estimated)  =  50  B.t.u. 


Total  refrigeration  =  10,186  B.t.u. 

5  per  cent  for  safety  =       509  B.t.u. 


10,695  B.t.u. 
or  53 . 50  tons 


The  water  in  the  spray  chamber  is  heated  from  43  to  51  degrees  and  the   number 
of  pounds  of  water  required  will  be 

10,695  ~  (8.3  X  8.0)  =  161  gallons  per  minute, 

and  the  circulating  system  should  be  designed  for  at  least  ISO  gallons  per  minute  so 
as  to  carry  any  overload  for  a  short  time  should  occasion  demand  it. 

The  Spray  Chamber. — Having  found  the  refrigerating  load  for  the  room  to  be 
53 . 5  tons,  the  amount  of  air  to  be  cooled  to  50 . 7  deg.  F.  and  circulated  to  be 
21.900  cu.  ft.  per  minute  and  the  amount  of  water  to  be  pumped  through  the 
sprays  to  satisfy  the  conditions  of  the  problem  to  be  180  gal.  per  minute,  the  next 
step  is  to  determine  the  amount  of  surface  reciuired  in  the  spray  chamber  and  the 
sizes  of  the  various  pieces  of  apparatus  to  be  used  in  the  spray  chamber.  First, 
however,  it  should  be  said  that  with  the  temperatures  required  in  this  type  of  problem 
water  is  always  used  for  cooling  the  air,  and  a  form  of  spray  nozzle  is  used  that  will 
atomize  the  water.  Cooling  coils  in  the  spray  chamber  may  or  may  not  be  used 
(kept  wet  by  means  of  flooding  nozzles)  in  order  to  assist  in  the  cooling  of  the  air. 
In  this  design  the  sprays  only  will  be  used,  and  the  eliminator  plates  (provided  to 
remove  the  surplus  water  carried  in  the  air)  will  be  provided  with  special  flooding 
nozzles  in  order  to  keep  them  clean,  and  to  increase  their  efficiency.  The  smaller 
air  cooling  plants  may  have  a  Baudalot  water  cooler  directly  underneath  the  spray 
chamber  so  arranged  as  to  be  flooded  by  the  water  passing  out  of  the  spray  chamber, 
in  a  manner  similar  to  the  method  used  with  atmospheric  condensers  receiving  water 
from  cooling  towers  and  spray  nozzles.  The  objection  to  this  method  where 
ammonia  is  used  is  that  there  is  no  particular  safety  from  bad  leaks,  although  the 
ammonia  passing  out  through  a  small  leak  would  be  absorbed  by  the  water  for  a 
time  and  there  would  be  some  warning  of  the  fact  of  the  leak.  This  method  will  be 
used  in  the  present  design  on  account  of  its  simplicity,  but  it  is  well  to  keep  in  mind 
that  the  use  of  brine  might  easily  be  imperative  at  times.  However,  with  the  use 
of  extra  heavy  pipe,  first  class  fittings  and  reasonable  care  and  inspection  during 
erection  and  operation  there  should  not  be  any  appreciable  danger  (Fig.  328). 
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Number  of  Spray  Nozzles. — Referring  to  the  table  of  the  capacities  of  spray 
nozzles  (Table  101),  it  will  be  seen  that  with  the  o-in.  diameter  nozzle  opening  and 
a  pressure  of  20  lb.  per  sq.  in.,  15.0  lb.  of  water  per  minute  will  be  sprayed,  or 
15  -f-  8.3  =  1.8  gal.  per  minute.  The  problem  requires  161  gal.  per  minute  at  the 
very  minimum,  and  180  gal.  should  be  allowed  for.     There  will  be  required  then: 

180  ^  1.8  =  100  nozzles  under  a  pressure  of  20  lb.  or 

17 

180  -e-  =     88  nozzles  under  a  pressure  of  25  Id. 

8 .  o 

These  will  be  arranged  in  two  banks,  each  of  50  nozzles,  spaced  not  more  than  20  in. 
apart,  and  not  less  than  6  in.  between  centers  in  order  that  a  satisfactory  "curtain" 
of  cold  water  is  provided  for  the  air  to  pass  through.  A«  the  velocity  of  the  air  in 
this  part  of  the  system  must  be  not  more  than  500  ft.  per  minute,  the  cross-sectional 
area  becomes  22,000  -^  500  =  44.0  sq.  ft.  If  the  head  room  limits  the  height  of 
the  chamber  proper  to  4  ft.  0  in.,  then  the  width  becomes  lift.  0  in.  Assuming 
that  the  nozzles  are  to  be  12  in.  on  centers  horizontally,  then  10  stands  will  be 
required  of  5  nozzles  high.  Evidently  some  arrangement,  say  using  10  stands 
spaced  13  in.  on  centers  horizontally  and  5  nozzles  high  on  ll  in.  centers  will  give 
satisfactory  spacing. 

TABLE   101 
Spray  Nozzles 

Capacities  in  Pounds  of  Water  Discharged  per  Minute  under  Varying  Pressures 
(Carrier  Engineering  Corporation) 


Diam- 

Diam- 

eter of 

eter  of 

Pressures  in  Pounds  per  Square  Inch 

Pipe 

Open- 

Connec- 

ings, 
Cap. 

tions, 

Inches 

Inches 

10 

20 

25 

30 

40 

50 

60 

70 

80 

90 

100 

1 

3^ 

.27 

.39 

.44 

.48 

.55 

.62 

.68 

.73 

.79 

.83 

.89 

1 

iV 

1.0 

1.5 

1.7 

1.8 

2.1 

2.4 

2,6 

2.8 

2.9 

3.2 

3.4 

i 

j_ 

2.3 

3.3 

3.7 

4.0 

4.6 

5.2 

5.7 

6.1 

6.5 

6.9 

7.3 

1 

1 

4.6 

6.5 

7.3 

8.0 

9.2 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

1 

_3_ 

10.0 

15.0 

17.0 

18.0 

21.0 

23.0 

26.0 

28.0 

29.0 

31.0 

33.0 

\ 

1 

18.0 

26.0 

29.0 

32.0 

37.0 

41.0 

45.0 

49.0 

52.0 

56.0 

58 . 0 

\ 

3 

51.0 

72.0 

81.0 

88.0 

102.0 

114.0 

125.0 

135.0 

144.0 

153.0 

162.0 

1 

\ 

91.0 

128.0 

144.0 

157.0 

181.0 

202.0 

222.0 

240.0 

257.0 

272.0 

li 

8 

127.0 

182.0 

204.0 

226.0 

257.0 

287.0 

310.0 

n 

\ 

186.0 

263.0 

295.0 

332.0 

370.0 

415.0 

2 

s 

252.0 

356.0 

400.0 

435.0 

501.0 

2 

1 

330.0 

465.0 

522.0 

570.0 

657.0 

2\ 

u 

515.0 

728.0 

S15.0 

890.0 

1  Cu.  ft.  of  water  at  4  deg.  C.  weighs  62.428  lb. 
1  gal.  of  water  weighs  8.3  lb.  =  231  cu.  in. 


Eliminators. — If  the  baffle  plate  construction  is  used  in  order  to  reduce  the  eddy 
currents,  give  a  uniform  velocitj'  to  the  air,  and  prevent  water  from  splashing  out 


516  THE   COOLING   AND   CONDITIONING   OF   AIR 

of  the  spray  chamber,  it  is  customary  to  use  just  enough  to  rectify  the  air  (F'ig.  335). 
The  ehminator  surface  is  calculated  on  the  basis  of  19^  sq.  ft.  (calculated  for  one 
side  only)  of  surface  per  1000  cu.  ft.  of  air  per  minute  or  (22,000  ^  1000)  X  19.5  = 
430  sq.  ft.  of  surface  is  wanted.  The  Carrier  eliminator  construction  is  one  with 
crimped  gutters  set  vertically  on  l|-in.  centers,  each  with  six  corrugations  at  60- 
degree  directional  change  of  the  air,  each  corrugation  about  2|  in.  wide,  and  arranged 
so  that  the  first  three  will  have  smooth  sides  and  corners  and  the  last  three  will  have 
stamped  lips  for  catching  the  entrained  moisture. 

The  Webster  eliminator  is  designed  for  four  corrugations,  with  30-degree  deflec- 
tion of  the  air,  made  up  of  two  plates:  the  rear  staggered  with  respect  to  the  front, 
the  separate  plates  spaced  about  3  in.  on  centers,  and  5  in.  wide.  The  Webstei 
practice  is  to  discharge  the  water  spray  in  the  direction  of  the  air  flow,  and  to  place 
them  not  less  than  4  ft.  3  in.  in  front  of  the  eliminators.  These  sprays  use  about 
20  lb.  per  sq.  in.  pressure  at  the  nozzle,  and  in  addition  "mist"  nozzles  are  used  at 
5  lb.  pressure  for  flooding  the  eliminator  surfaces. 

The  American  Blower  Company  uses  about  40  sq.  ft.  of  scrubber  surface  per  1000 
cu.  ft.  of  air  per  minute,  spaced  1  in.  with  35-degree  deflection  of  the  air.  These  are 
made  with  plates  having  three  corrugations  and  a  final  stamped  lip.  The  eliminator 
surfaces  are  in  three  rows,  the  final  row  spaced  3j  in.,  and  designed  on  the  basis  of 
12  sq.  ft.  of  surface  per  100  cu.  ft.  of  air  per  minute.  The  spray  nozzles  are  designed 
to  give  a  uniformly  distributed  spray  across  the  spray  chamber,  and  the  spray  is  in 
the  direction  of  the  air  flow. 

Using  the  Carrier  design,  the  eliminator  surface,  spaced  on  Ij-in.  centers, 
becomes: 

(132  -f-  U)  X  6  X  2.63  X  4  --  12  =  617  sq.  ft. 

The  required  amount  is  427  sq.  ft.,  or  there  is  about  44  per  cent  excess  area  over 
the  requirements. 

The  Baudalot  Cooler. — The  figure  shows  the  design  with  the  water  cooler  directly 
below  the  spray  cooler  chamber.  In  cooling  water  great  care  must  be  exercised  to 
safeguard  the  pipes  against  freezing,  and  so  the  Baudalot  cooler  is  used  instead  of 
the  double-pipe  cooler  or  the  shell  and  tube  type  which  would  be  preferred  usually 
when  cooling  a  non-freezing  liquid.  Such  Baudalot  coolers  are  usually  designed  on 
the  basis  of  35  lin.  ft.  of  l^-in.  pipe  per  ton  of  refrigeration.  The  problem  requires 
a  refrigeration  of  10,560  B.t.u.  per  minute,  or  52,8  tons.     The  surface,  then,  is 

35  X  52.8  =  1850  ft.  of  U-in.  pipe. 

It  is  doubtful  whether  a  cooler  more  than  8  ft.  long  could  be  arranged  for  with 
satisfaction  in  this  type  of  design,  so  using  14  pipes  high  and  pipes  8  ft.  long  the 
number  of  stands  becomes  1850  -^  (8  X  14)  =  16.5,  and  this  can  be  arranged  for 
easily  on  6-  or  7-in.  centers.    Figure  328  gives  a  good  idea  of  the  entire  spray  design. 

The  problem  has  been  worked  out  for  the  simplest  design,  i.e.,  a  self-contained 
Baudalot  cooler  for  the  water,  using  direct  expansion  in  these  pipes  for  the  ammonia; 
the  entire  spray  chamber  being  located  inside  the  room  to  be  cooled.  Without 
question  the  spray  chamber  could  he  placed  in  any  convenient  location  and  the 
Baudalot  cooler  could  have  been  cooled  with  the  use  of  carbon  dioxide  or  brine 
could  have  been  pumped  in  from  an  adjacent  building. 

Cold  Air  Ventilating  Ducti<. — In  general,  for  processes  using  the  spray  chamber, 
such  as  gelatine  or  other  industrial  work,  it  is  desired  to  keep  a  product  exposed  to 
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cool  air  and  yet  to  air  dry  enough  to  prevent  the  surface  of  the  product  from  having 
moisture  condense  on  it.  This  means  the  selection  of  the  proper  operating  temper- 
ature, relative  humidity  and  corresponding  dew  point  temperature,  as  has  been 
outlined  already.  It  is  necessary  to  supply  the  chilled  air  as  uniformly  as  possible  in 
order  that  the  room  temperature  will  be  uniform  throughout.  This  is  best  done  by 
some  duct  system,  as  indicated  by  Fig.  327.  The  problem  requires  the  circulating 
of  22,000  cu.  ft.  of  air  per  minute  at  a  dew  point  temperature  of  50.7  deg.  F.  The 
problem  consists  of  finding  the  duct  diameters  at  the  different  sections  and  the 
total  head  required  of  the  fan  to  give  the  desired  circulation. 

In  order  to  calculate  the  friction  head  due  to  the  flow  of  air  in  ducts  it  is  con- 
venient to  use  a  chart  as  is  shown  in  Fig.  330,  showing  the  resistance  to  the  flow  of 
air  at  a  standard  temperature  and  pressure  at  different  velocities  of  flow  in  the 
pipe.  The  general  formula  for  the  loss  of  head  due  to  the  flow  of  a  gas  in  pipes  and 
ducts  is: 

LP       V^ 

ha  =  /-T  X  — , 
A  2g 

where 

ha  =  loss  of  head  due  to  flow  in  feet  of  the  medium  flowing  (air  in  this  case) ; 
h  =  loss  of  head  in  inches  of  water; 
/  =  coefficient  of  friction; 
L  =  length  of  pipe  or  duct,  in  feet; 
P  =  perimeter  of  pipe  or  duct,  in  feet; 
A  =  cross-sectional  area  of  pipe  or  duct,  in  feet. 
y2 

—  =  velocity  head; 
2g  . 

V  =  average  velocity,  in  feet  per  second; 
da  =  density  of  air  (0.  075),  lb.  per  cubic  foot; 
dw  =  density  of  water  (62.4  lb.),  per  cubic  foot; 
g  =  acceleration  due  to  gravity. 

As  it  is  customary  to  state  the  head  in  inches  of  water,  the  formula  may  be  expressed 
as: 

^        ^         12  X  da        VZdaLPV^ 
dw  duAIg 

which  is  simply  an  expression  for  the  ratio  of  the  densities  of  the  two  substances. 
Therefore  the  second  expression  gives  the  loss  of  head  in  inches  of  water.  Losing  an 
average  value  for /of  0.0036  for  air  velocities  of  from  1000  to  3000  ft.  per  minute, 
and  with  L  =  100  ft.,  the  formula  becomes 

12  X  0.075  X  100  X  0.0036       P^, 

h  =  ~ — ■ — —  X — V^ 

62.4  X  64.32  A      ' 


and  for  round  ducts  P/A  =  4/D,  and  therefore 


h  =  0.000323-^ 


(where  D  is  the  diameter  of  the  duct,  in  feet). 
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Velocity  air  feet  per  second 
Fig.  329. — Velocity  Pressure  Head  for  Air. 
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If  Q  is  the  cubic  feet  per  minute  of  air  flowing,  then  v  =  ,  and,  making  this  sub- 

stitution,  the  formula  finally  becomes 

Q  =  6678/13 

and,  if  the  duct  is  round,  then 

Q  =  2625h''S     (for  a  duct  100  ft.  long,  and  where/  =  0.0036). 

In  the  figure  it  will  be  noted  that  the  quantity  of  air  (in  cubic  feet  per  minute)  is 
represented  by  the  horizontal  lines  and  that  the  resistance  to  the  flow  in  inches  of 
water  per  100  ft  of  length  is  given  by  the  vertical  lines,  whereas  the  different  sizes 
of  round  ducts  or  the  width  of  duct  for  rectangular  cross-sections  is  given  by  the 
lines  sloping  upwards  to  the  right. 

In  all  work  dealing  with  the  flow  of  fluids,  the  terms  total,  static,  and  velocity 
are  used.  The  static  pressure  is  that  which  exerts  a  bursting  pressure  on  the  walls 
of  the  containing  vessel,  and  is  the  amount  necessary  to  overcome  the  resistance  to 
the  flow  of  the  fluid.  The  velocity  pressure  is  that  pressure  which  would  be  produced 
by  the  velocity  if  the  air  were  brought  to  rest  without  shock  or  impact  and  which 
has  to  be  used  to  produce  this  velocity.  The  total  pressure  is  the  sum  of  the  two, 
i.e.,  the  static  and  the  velocity  pressures.  The  velocity  pressure,  coming  from  the 
velocity  and  the  density  of  the  air,  is  given  for  70  deg.  F.  by  the  following  and  from 
Fig.  329. 

TABLE  102 


Velocity  in  Feet 
per  Minute 

Velocity  Head 

750 

0.004 

1200 

0.09 

1500 

0.14 

1800 

0.21 

2100 

0.28 

2400 

0.37 

2700 

0.46 

3000 

0.57 

In  designing  a  duct  system  there  are  two  general  methods  of  procedure:  to  fix 
on  the  velocity  of  the  air  in  the  different  parts  of  the  system  taken  from  standard 
practice,  and  to  find  the  total  pressure  drop  by  adding  up  the  resistances  to  the 
flow  in  the  different  sections  or  to  select  a  suitable  friction  pressure  drop  near  the 
outlet  and  keep  this  constant  by  selecting  the  duct  sizes  in  the  separate  sections  on 
the  basis  of  this  constant  pressure  drop  and  the  required  quantity  of  air  flowing. 
The  second  method  is  the  most  convenient  and  the  quickest,  and  its  application  is 
shown  by  the  following: 
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Referring  to  Fig.  327  it  will  be  seen  that  18  outlets  are  to  be  used.  The  amount 
of  air  per  outlet  is  22,000  -^  18  =  1220  cu.  ft.  per  minute  and  the  velocity  through  a 
14-in.  outlet  is  1135  ft.  per  minute.  Charts  for  air  flow  are  usually  made  out  for 
100  ft.  of  straight  pipe  or  duct  and  for  ideally  perfect  construction  and  freedom 
from  flaws.  To  allow  for  rough  edges,  or  other  faulty  construction,  a  factor  is  usually 
added,  frequently  50  per  cent.  In  addition,  changes  in  the  cross-section  or  the  direc- 
tion of  flow  increase  the  resistance  and  this  increase  is  usually  given  in  the  per- 
centage of  the  velocity  head.  Variations  such  as  are  usual  are  given  in  Fig.  331. 
Using  the  chart  and  the  figure  of  the  duct  layout,  Table  103  is  obtained. 

TABLE  103 


Section 

Volume  of 

Air  in 

Section, 

Cubic  Feet 

per  Minute 

Diameter 
of  Duct 
in  Inches 

Velocity  of 
Air  in  Feet 
per  Minute 

Length  of  Section  and  Allowance 
for  Ells,  Etc. 

a 
b 
c 
d 
e 

Total 

2,440 

4,860 

7,290 

9,720 

22,000 

17 
22  i 
26  i 
30 
42 

1550 
1790 
1920 
1980 
2390 

22  ft.  -t-  0.09  X  0.17  in.  of  water 

22  ft. 

22  ft. 

22  ft.  +  0.15  X  0.23  in.  of  water. 

44  ft. 

132  ft.  +  0.049  in.  of  water. 

Taking  a  uniform  resistance  to  air  flow  of  0 .  14  in.  of  water  per  100  ft.  of  duct,  the 
total  resistance  will  be  (132  -r-  100  X  0. 14)  -f  0.049  =  0.234  in.  of  water,  and 
with  an  allowance  for  roughness,  poor  workmanship,  etc.,  of  50  per  cent,  the  resis- 
tance will  be  0.234  X  1.5  =  0.351  in.  of  water  for  the  duct  only.  In  addition, 
there  will  be  the  resistance  to  the  flow  in  the  spray  chamber  of  0.25  in.,  and  there 
will  be  the  residual  velocity  of  the  air  leaving  the  duct  which  will  require,  for 
1140  ft.  per  minute  velocity  of  the  air  in  the  branch,  astatic  pressure  of  0.090  in.  of 
water,  making  a  total  pressure  on  the  fan  of  0.691.  In  designing  a  duct  system  it  is 
usual  to  provide  for  the  return  as  well  as  the  delivery  of  the  air.  Quite  frequently 
the  return  duct  will  be  practically  a  duplicate  of  the  delivery  duct,  in  which  there 
will  be  an  additional  friction  to  overcome  and  a  correspondingly  greater  pressure. 
In  the  present  problem,  as  the  entire  plant  is  located  in  the  same  room,  it  does  not 
appear  to  be  necessary  to  put  in  the  return  duct.  The  design  shown  will  work 
satisfactorily. 

In  the  present  problem  the  temperature  of  the  air  is  51  deg.  F.  in  the  duct,  and 
the  calculations  for  the  total  pressure  must  be  increased  by  an  amomit  sufficient 
to  allow  for  the  increased  density  over  that  at  the  standard  temperature  of  70  deg.  F., 
which  is  1.021  in  this  case.  I'sing  this  multiplying  factor  the  total  pressure  head 
becomes  0.691  X  1.021  =  0.706  in.  of  water.  The  static  pressure  at  the  fan 
is  some  percentage  of  the  total  pressure,  and  taking  the  ratio  of  the  total  to  the 
static  pressure  as  1 .  26  the  static  pressure  becomes  0 .  706  -;-  1 .  26  =  0 .  560.  A  fan 
selected  for  this  static  pressure  will  be  chosen  as  well  r.s  a  capacity  of  22,000  cu.  ft. 


To  face  page  621. 
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per  minute.     It  is  well  to  note  that  the  tabulated  values  for  fan  performance  are 
given  at  70  deg.  F.    For  operation  at  other  temperatures  the  following  table  will  be 

of  value: 

TABLE   104 


Temperature 
of  the  Air 

Dividing  Factor 

Multiplying 
Factor 

60 
50 
40 
30 
20 

0.99 
0.98 
0.97 
0.96 
0.95 

1.010 
1.021 
1.032 
1.042 
1.053 

It  will  be  noticed  that  the  velocities  shown  in  the  calculation  increased  as  the 
size  of  the  duct  increased;  from  a  little  more  than  1600  ft.  at  17  in.  diameter  to  a  little 
less  than  2400  ft.  per  minute  at  42  in.  diameter  of  duct.  Also  that  the  30-degree 
branch  outlet  resulted  in  the  same  loss  of  head  as  would  have  been  experienced  with 
nearly  24  ft.  of  17  in.  diameter  duct.  Too  much  emphasis  cannot  be  given  to  the 
desirability  of  making  the  number  of  changes  in  the  cross-section  of  the  duct  a 
minimum.  Right-angled  turns  should  be  avoided  at  all  times,  and  when  the  size  of 
the  duct  is  to  be  changed  it  should  be  done  gradually. 

In  the  problem  a  round  duct  was  chosen.  Should  it  be  desired  to  use  a 
rectangular  one  with  the  same  resistance  per  foot  of  length  the  same  chart  as  for  the 


round  ducts  can  be  used,   making  use  of  the  relation  Q  —  6678/2M -— )   .    For 

To  illustrate  the  use  of  the    chart, 


example,  Fig.  330  has  a  line  labeled  (  — 

suppose  it  is  required  to  find  the  height  of  a  rectangular  duct  if  the  width  of  the 
h  section  is  taken  as  30  in.  The  quantity  of  air  flowing  in  this  section  is  4880  cu.  ft. 
per  minute.  Take  the  same  resistance  as  before,  0.14  in.  per  100  ft.,  and  continue 
upwards  on  the  chart  until  the  quantity  4880  is  reached.    Then  follow  parallel  with 


the  diameter  lines  until  the  line 


(f)' 


the  width  of  duct  of  30  in.  is  reached, 
for  the  height  of  the  duct. 


is  reached  and  then  vertically  upwards  until 
This  point  gives  the  desired  answer  of  16  in. 


Air  Cooling  in  Blast  Furnaces. — Some  three  or  four  installations  of 
the  "Gayley  Dry  Air  Blast"  process  were  made  in  the  United  States 
and  one  in  Wales  previous  to  1910.  The  Gayley  process  was  an  attempt 
to  increase  the  economy  of  the  furnace  and  was  successful  in  certain 
respects,  but  the  process  has  not  been  continued  because  other  economies 
in  other  directions  were  found  to  be  as  good  but  not  so  expensive  in  first 
and  operating  costs.  However,  as  an  example  of  a  method  to  be  applied 
to  refrigeration  the  following  will  be  of  interest. 
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The  Gayley  dry-blast  process  was  developed  about  1900.  It  consisted 
in  cooling  the  air  to  a  dew  point  temperature  of  25  deg.  F.  at  atmos- 
pheric pressure  at  which  time  the  moisture  content  would  be  19 . 5  grains 
per  pound  of  dry  air.  The  claims  made  for  the  process  are  that  the 
furnace  can  work  with  greater  regularity,  and  that  a  reduction  of  12^ 
per  cent  of  the  fuel  required  and  a  gain  in  10  per  cent  in  the  production 
of  the  furnace  is  possible  by  its  use.  The  reason  advanced  for  this 
phenomenal  gain  in  economy  is  that  the  moisture  in  the  air  (which  at 
times  may  be  150  grains  per  pound  of  dry  air)  chills  off  the  fire,  just  when 
the  furnace  temperature  should  be  the  hottest,  by  the  chemical  action 
of  breaking  up  the  water  vapor  into  oxygen  and  hydrogen.    The  result 


Pressure  loss 
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0.85  V.  P. 
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Sq.  turn  pressure  loss  =  1.0  V.  P. 
Design  as  shown  dotted  =  0.15  V,  P. 
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Fig.  331. — Loss  of  Velocity  Head  Due  to  Change  of  Section  or  Direction  of  Flow. 


of  this  endothermic  action  is  that  there  is  not  the  proper  removal  of  the 
sulphur  or  the  proper  deoxidation  of  the  silicon  during  warm  damp 
weather  unless  there  is  additional  heat  provided  in  the  furnace  by  the 
addition  of  extra  coke. 

In  the  blast  furnace  it  is  necessary  to  use  large  blowing  engines  in 
order  to  compress  the  air  required  for  supporting  the  combustion  action 
in  the  furnace,  and  the  blast  may  be  at  some  pressure  between  15  and 
30  lb.  gage.  The  compressed  air  is  made  to  pass  through  checker  work, 
previously  heated  by  the  exhaust  gases  from  the  furnace,  until  the  blast 
temperature  has  become  nearly  3000  deg.  F.  The  refrigeration  has  been 
supplied  as  a  rule  on  the  suction  side  of  the  blowing  engine,  and  there- 
fore under  these  circumstances  it  will  take  place  at  approximately 
atmospheric  pressure.     The  air  cooled  to  25  deg.  F.,  with  a  uniform 
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water  content  of  19 . 5  grains  per  pound  of  dry  air,  is  then  passed  to  the 
compressor  which  is  reduced  in  size  thereby,  on  account  of  the  increased 
density  of  the  air. 

The  manner  of  cooling  the  air  at  the  Isabella  Works  of  the  Carnegie 
Steel  Company,  but  not  operated  since  1912,  was  to  have  two  large 
bunker  rooms  with  ammonia  direct  expansion  piping  in  each,  but  so 
arranged  as  to  permit  the  air  to  pass  through  one  and  then  the  other  of 
these  rooms  by  the  operation  of  large  butterfly  valves,  the  reversal  of  the 
direction  of  flow  thereby  permitting  the  frost  accumulation  on  the  pipes 
to  melt  off  in  a  manner  similar  to  the  present-time  dehydrator  of  high 
pressure  air  for  can  ice  agitation.  Since  1912  the  design  of  air  cooHng 
has  changed  decidedly  so  as  to  use  the  principle  of  the  cooling  tower  or 
scrubber,  arranged  with  tile  wetted  with  water  in  the  first  stage  and  by 
brine  in  the  second  stage.  Later  came  the  design  using  sprays.  This 
latter  process,  used  in  the  Northern  Steel  Company,  is  shown  in  Fig. 
332.  In  this  case  the  air  is  compressed  by  the  blowing  tubs  first,  and 
in  consequence  of  the  higher  pressure  the  air  does  not  have  to  be  cooled 
as  low  in  temperature  to  secure  the  same  weight  of  water  content. 
For  example,  by  compressing  the  air  to  20  lb.  gage  it  has  been  found 
necessary  to  cool  the  air  down  only  to  46  deg.  F.  in  order  to  secure 
the  same  weight  of  moisture  as  would  be  secured  by  cooling  the  air  at 
atmospheric  pressure  down  to  25  deg.  F.  In  this  case  water  can  be  used 
in  the  spray  nozzles  for  the  entire  cooling  action,  and  there  will  not  be 
any  necessity  for  reconcentration  as  would  be  required  in  the  case  of 
brine.  Refrigeration  is  more  economical  because  of  the  higher  suction 
pressure  being  carried. 

The  principle  underlying  the  liquefaction  under  pressure  is  as  fol- 
lows: Take  a  condition  of  air,  saturated  with  water  vapor,  at  41  deg.  F., 
at  one  atmosphere. 

Pressure  of  water  vapor  (at  41  deg.  F.)  =    0. 127  lb. 
Pressure  of  the  air  =  14.69  -  0. 127      =  14.56    lb. 
Grains  of  moisture  per  1  lb.  of  dry  air    =  37.87 
Volume  of  1  lb.  dry  air  =  12.62  cu.  ft. 

Now  let  the  temperature  remain  constant  at  41  deg.  F.  and  compress 
the  mixture  up  to  10  lb.  gage  or  24.69  lb.  absolute,  the  air  remaining 
saturated  with  moisture  all  the  time.  Then  24 .  69  —  0.13  =  24 .  56  lb. 
is  the  new  pressure  of  the  air  content  of  the  mixture. 

14  56 
The  new  air  volume  =  12.62  X  ftt-f^  =  7.49  cu.  ft. 

24 .  56 
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The  condensation  of  the  water  vapor  occurs  in  the  same  ratio  or 

37.87  X  ^1^  =22.45  grains. 
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Fig.  332. — Air  Cooling  under  Pressure. 


35° 


However,  this  moisture  content,  22.45  grains,  is  the  amount  which 
would  give  saturation  with  a  pressure  of  one  atmosphere  air  pressure 
and  a  temperature  of  a  little  more  than  28  deg.  F.  Figure  332  gives  an 
idea  of  the  effect  of  compression  and  moderate  cooling  on  the  water 
vapor  in  the  air.     The  principle  just  outlined  occurs  also  in  the  de- 
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humidifier  in  the  manufacture  of  ice  with  high-pressure  air  agitation, 
and  in  the  synthetic  process  for  the  manufacture  of  ammonia. 

The  Cooling  of  Theatres  and  Public  Buildings. — Mechanical  refrig- 
eration has  been  able  to  provide  a  means  of  cooling  the  air  so  that  the 
public  dining  room,  banquet  hall  and  theatre  are  reasonably  comfortable 
and  suitable  for  service  during  the  hottest  part  of  the  summer.  The 
same  may  be  said  also  in  regard  to  banks,  offices  and  such  places  of 
congested  gathering  as  the  New  York  Stock  Exchange,  etc.  In  none 
of  these  places  is  there  a  desire  to  chill  the  air  very  much,  but  simply  to 
make  it  feel  cool  on  entering.  Therefore  some  such  plan  as  the  following 
would  be  used:  The  temperature  of  the  chilled  air  will  be  80  degrees 
when  the  outside  air  is  90,  75  when  the  outside  air  is  85,  and  72  when 
the  outside  air  temperature  is  80  deg.  F.,  and  the  relative  humidity  will 
not  be  greater  than  60  per  cent  when  the  temperature  in  the  theatre  is 
80  degrees  and  65  per  cent  when  the  air  is  72  degrees.  In  none  of  these 
cases  is  the  air  cooled  more  than  10  deg.  F.,  and  the  result  is  a  feeling 
of  comfort  on  entering  the  building,  but  there  must  never  be  a  sensation 
of  chill.  The  procedure  in  such  cases  of  cooling  is  to  use  the  same  equip- 
ment for  ventilation  and  cooling  as  for  heating  and  ventilation,  the  air 
being  washed  and  a  certain  percentage,  50  to  67  per  cent,  being  circu- 
lated. Such  cooling  plants  are  of  large  capacities,  requiring  as  they  do 
about  2|  tons  of  refrigeration  per  1000  cu.  ft.  per  minute  of  fan  capacity 
for  localities  similar  to  the  summer  conditions  found  in  Chicago. 

The  Refrigerating  Machine. — The  refrigerating  machine  is  now  (1928) 
always  a  compressor,  and  the  refrigerant  has  nearly  always  been  carbon 
dioxide  because  of  the  lack  of  danger  due  to  its  use.  ^  As  the  air  in  the 
spray  chamber  is  seldom,  if  ever,  cooled  below  55  deg.  F.  (using  47-degree 
water  in  the  sprays),  the  refrigerating  machine  can  operate  at  the  high 
boiling  temperature  of  30  to  32  deg.  F.,  and  so  in  consequence  of  which 
the  capacity  of  the  compressor  is  high  as  compared  with  the  standard 
conditions  of  5  deg.  F.  and  the  horse  power  per  ton  of  refrigeration  is 
reduced.  For  some  time  the  method  of  cooling  has  been  to  install  direct 
expansion  piping  at  the  entrance  of  the  spray  chamber  using  an  amount 
equal  to  35  lin.  ft.  of  l|-in.  pipe  per  ton  of  refrigeration.  The  piping 
is  used  both  to  cool  the  entering  air  and  also  to  cool  the  water  which  is 
showered  over  the  coils  and  which  act  as  a  "  Baudalot  "  cooler.  With 
such  an  arrangement  it  would  be  out  of  the  question  to  use  ammonia 
because  of  the  possible  panic  should  some  accident  occur  to  these  coils 
and  ammonia  gas  enter  the  ventilating  ducts. 

*  Tests  reported  to  have  been  performed  by  the  Board  of  Trade  on  the  SS. 
Braemar  Castle  indicated  that  no  discomfort  was  experienced  when  the  entire  charge 
of  carbon  dioxide  was  released  in  the  engine  room,  nor  were  lighted  candles  affected 
in  any  manner. 
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The  air  leaving  the  spray  chamber  will  have  an  assumed  temperature 
of  55  degrees  and  100  per  cent  relative  humidity,  but  during  the  passage 
through  the  fan  and  the  distributing  ducts  the  temperature  will  rise 
about  8  degrees,  depending  on  the  friction  losses  and  heat  leakage, 
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Fig.  333. — Auditorium  Coolinp  and  Ventilation. 

which  will  give  the  air  a  dry  bulb  temperature  of  63  degrees  and  a 
relative  humidity  of  75  per  cent  at  the  point  of  entrance  to  the  hall  or 
the  auditorium.  The  air  may  be  admitted  to  the  auditorium  either  by 
the  use  of  "  mushrooms  "  in  the  floor  or  by  the  use  of  ceiling  registers 
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and  downward  draft  and  in  either  case  about  35  cu.  ft.  of  air  per  minute 
per  person  is  supplied.  The  fresh  air  from  the  sprays  mixes  with  the  air 
in  the  auditorium,  and,  if  the  conditions  are  such  as  the  installation  was 
designed  for,  the  temperature  will  be  80  degrees  and  60  per  cent  relative 
humidity.  In  the  case  of  banquet  halls  and  special  dining  rooms,  the 
air  can  be  designed  to  enter  through  registers  in  the  walls,  some  G  or 
7  ft.  from  the  floor,  or  from  registers  in  the  columns. 

The  Spray  Chamber. — The  air  is  cooled  always  by  the  use  of  water 
properly  atomized  by  passing  through  nozzles  especially  designed  for 
the  purpose,  usually  with  15  to  25  lb.  static  pressure  on  the  nozzle. 
Some  engineers  use  the  rule  8  gal.  of  water  per  1000  cu.  ft.  of  air  per 
minute,  while  others  use  the  rule  of  1  lb.  of  water  per  1  lb.  of  air.  If  the 
water  is  permitted  to  rise  8  deg.  F.  in  temperature,  25  lb.  or  8  gal.  per 
minute  would  be  required.  A  "Carrier"  nozzle  with  a  i^-in.  opening 
will  deliver  15  lb.  of  water  at  a  pressure  of  20  lb.  per  sq.  in.,  and  17  lb. 
at  a  pressure  of  25  lb.  per  sq.  in.,  whereas  a  i-in.  opening  will  deliver 
26  and  29  lb.,  respectively,  at  these  pressures.  From  Table  101  it  will  be 
be  seen  that  the  Sturtevant  and  the  Webster  nozzles  have  about  the 
same  capacities.  The  details  of  the  spray  chamber  are  the  same  as  in 
the  previous  problem. 

Problem. — It  is  desired  to  install  a  cooling  plant  in  a  3000-seat  theatre  for  summer 
conditions  of  90  deg.  F.  dry  bulb  and  60  per  cent  relative  humidity  outside  conditions, 
80  degree  dry  bulb  inside  and  63  degree  dew  point  temperature.  The  heating  effect 
of  the  illumination  will  be  taken  as  1500  B.t.u.  per  minute,  and  the  heat  leakage 
through  the  roof,  walls,  etc.,  will  be  taken  as  3000  B.t.u.  per  minute.  The  sensible 
heat  will  be  taken  at  7.0  B.t.u.  per  minute  per  person,  and  the  amount  of  water 
vapor  emitted  as  18.9  grains.  This  last  is  a  high  value  but  it  is  justified  during  hot 
weather.     These  heating  values  may  be  summed  up  as  follows: 

B.t.u. 

a.  The  heating  effect  of  the  audience  (the  sensible  heat)  =7.0  X  3000  =  21,000 

b.  The  heat  leakage  (assumed)  =    3,000 

c.  The  illumination  (assumed)  =     1,500 

d.  The  heat  equivalent  of  the  work  of  the  fan  (estimated  at  45  hp.)  =    1,910 


Total  refrigeration  per  minute       =  27,410 

If  the  specific  heat  of  air  at  63.0  degrees,  saturated  with  moisture,  is  taken  as 
0.2472,  and  the  rise  of  temperature  of  the  air  is  17.0  deg.  F.,  the  heat  capacity  of 
the  air  will  be  17 . 0  X  0 .  2472  =  4 .  20  B.t.u.  The  total  amount  of  air  to  be  circulated 
by  the  fan  to  absorb  27,410  B.t.u.  per  minute  is  therefore  6526  lb.  The  volume  of 
1  lb.  of  air  saturated  with  moisture  at  63.0  degrees  is  13.43  cu.  ft.,  so  that  the  total 
capacity  of  the  fan  per  minute  is  6526  X  13.43  or  87,640  cu.  ft.,  and  the  amount 
suppUed  to  each  person,  if  at  63.0  degrees,  is  29.2  cu.  ft.  per  minute. 

The  Refrigeration  Required. — The  amount  of  water  vapor  emitted  is  18.9  X 
3000  -^  7000  =  8.1  lb.  per  minute,  and  the  refrigeration  required  to  condense  this 
amount  will  be  8.1  X  1055  =  8546  B.t.u.,  thereby  making  a  total  of  35,956  B.t.u. 
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per  minute,  which  would  have  to  be  removed  from  the  air  if  all  of  it  were  to  be 
recirculated.  As  one  half  is  to  be  recirculated  and  the  other  half  is  exhausted  into 
the  atmosphere  there  will  be  17,980  B.t.u.  per  minute  of  refrigeration  required  for 
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Fig.  334. — The  Water  Spray  Air  Cooling  Chamber  with  Direct  Expansion  Coils  for 
Carbon  Dioxide  Refrigeration. 

the  air  to  be  recirculated.  The  fresh  air  will  enter  the  spray  chamber  at  90  degrees 
and  60  per  cent  relative  humidity,  which  corresponds  to  a  dew  point  temperature  of 
74.2  and  a  moisture  content  of  127  grains  per  pound  of  dry  air.    The  refrigeration 
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required  to  cool  this  air  to  the  temperature  of  the  spray  chamber,  taken  from  the  total 
heat  curve  is:  40.9  —  28.0  =  12.9  B.t.u.  per  pound,  the  total  refrigeration  is 
6526  -=-  2  X  12.9  =  42,090  B.t.u.,  and  the  total  demand  on  the  refrigeration  equip- 
ment becomes  42,090  +  17,980  =  60,070  B.t.u.  Adding  5  per  cent  for  safety,  the 
amount  becomes  63,070  B.t.u.  per  minute,  or  315  tons  of  refrigeration. 

It  is  clear  from  the  calculation  that  the  recirculated  air,  for  the  conditions  stated 
in  the  problem,  requires  less  cooling  efTect  than  does  the  fresh  air  from  the  outside, 
and  that  the  amount  of  recirculation  affects  the  load  on  the  machine  very  decidedly. 
Therefore  the  operator  has  some  reserve  capacity  in  the  machine  available,  on  a 
pinch,  by  recirculating  more  air,  if  permitted  by  the  city  ordinances,  as,  for  example, 
the  circulation  of  67  per  cent  instead  of  onlj'  50  per  cent. 

If  the  spray  water  has  a  rise  of  temperature  of  8  degrees  there  will  be  required 
3   gal.   per   ton   of   refrigeration   per   minute,   or   3.0  X  315  =  945   gal.    total   per 
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Fig.  335. — Characteristics  of  Conoidal  Fans. 
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minute.     Usually  there  is  provided  an  additional  amount,  say  20  per  cent,  so  that 

the  pump  will  need  to  be  1134  gal.     If  a  ^-in.  nozzle  is  used,  which  has  a  capacity 

of  29  lb.  of  water  per  minute  with  a  pressure  of  25  lb.  per  sq.  in.  at  the  nozzle,  the 

1 134  X  8  33 
number  of  spraj^s  required  will  be ; =  326.     Using  a  velocity  of  500  ft. 

per  minute  for  the  air  in  the  spray  chamber  there  will  be  required  87,640  -4-  500  = 
175.2  sq.  ft.  of  cross-sectional  area,  and  if  the  spray  chamber  is  limited  to  10  ft.  in 
height  the  width  would  need  to  be  17.5  ft.  The  arrangement  of  the  nozzles,  the 
amount  of  evaporating  surface  for  cooling  the  water,  the  amoimt  of  eliminator  sur- 
face, etc.,  will  be  found  in  a  manner  similar  to  that  in  the  previous  problem. 


Air  Conditioning  in  Mines. — According  to  Wilcox  and  Farmer,''  the 
only  mechanically  refrigerated  mine  in  the  world  is  located  in  the 
Province  of  Minas  Geraes,  in  Brazil.  This  mine  has  its  pit  head  2770  ft. 
above  sea  level  and  the  mine  depth  in  1920  had  been  carried  to  6400  ft. 

^  F.  A.  Wilcox  and  J.  D.  Farmer,  Application  of  Refrigeration  to  the  Ventilation 
of  Mines,  Fourth  International  Congress  of  Refrigeration. 
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where  the  rock  temperature  was  recorded  to  be  118  deg.  F.  and  the 
wet  bulb  temperature  was  from  90  to  95  deg.  F.,  thereby  making 
operating  conditions  very  difficult  for  the  workmen.  Calculations 
showed  that  at  a  mine  depth  of  6500  ft.,  in  order  to  insure  not  more 
than  81  degrees  wet  bulb  temperature,  the  initial  dew  point  temperature 
of  the  air  would  need  to  be  45.5  degrees,  which  would  correspond  to 
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Fig.  336. — Air  Cooling  with  Carbon  Dioxide. 

50  grains  of  water  per  one  pound  of  dry  air  at  27 . 4  in.  of  the  barometer. 
These  calculations  were  based  on  a  34-in.  barometer,  a  wet  bulb  tem- 
perature of  81  degrees,  and  a  moisture  content  of  110  grains. 

The  plant  selected  was  based  on  a  fan  capacity  of  80,000  cu.  ft.  per 
minute  and  the  air  to  be  cooled  to  a  dew  point  temperature  of  43  deg.  F., 
which  represented  a  removal  of  100,600  B.t.u.  per  minute,  or  500  tons  of 
refrigeration  capacity.  The  load  was  arranged  for  with  six  units  m 
order  to  permit  economical  operation  at  all  seasons  of  the  year,  especially 
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at  those  times  when  the  load  would  be  less  than  the  maximum.  In  this 
case  water  can  be  used  satisfactorily  for  the  cooling  of  the  air,  with  a 
water  temperature  range  of  from  3  to  5  degrees.  The  method  of  cooling 
used  in  this  installation  was  by  the  use  of  revolving  cylinders  whereby 
the  air  was  brought  into  contact  with  a  film  of  chilled  water.  The  rock 
temperature,  according  to  the  mine  records,  was  cooled  from  118  to 
107  deg.  F. 

Carburetor  Testing. — Some  manufacturers  of  automobiles  have  a 
cold  temperature  room  in  which  a  motor  is  operated  under  varying 
loads  with  various  designs  and  adjustments  of  carburetors.*^  The  cold 
temperature  room  is  designed  for  —  10  deg.  F.  The  automobile  motor 
usually  has  the  dynamometer  outside  the  room  and  the  cooling  water 
for  the  radiator  sometimes  is  piped  in  from  the  outside.  The  refrigera- 
tion required  to  maintain  the  temperature  constant  at  —  10  degrees 
for  a  60  hp.  motor,  may  be  calculated  as  follows,  assuming  an  electrical 
dynamometer,  90  degrees  outside,  6  in.  of  corkboard  on  the  walls,  ceiling 
and  floors  of  a  room  12  by  12  by  7  ft.  Assume  the  walls  are  of  6-in. 
concrete.     The  heat  balance  of  the  motor  may  be  taken  as 

Per  cent 

Engine  friction 4 

Radiation 4 

Exhaust 40 

Jacket 27 

Useful  work 25 

Even  with  the  exhaust  piping  well  lagged  some  heat  will  be  lost  to 
the  room,  and  this  will  be  taken  as  25  per  cent.  Taking  the  efficiency 
of  the  electric  dynamometer  as  95  per  cent,  5  per  cent  of  the  brake  hp. 
will  appear  as  heat  in  the  electric  windings.  The  amount  of  air  required, 
to  be  brought  in  from  the  outside,  will  be  taken  as  15  lb.  per  pound  of 
gasoline,  and  0.7  pint  of  gasoline^  will  be  required  per  b.hp.  hour. 
The  heat  entering  the  room  is  then 

Q  =  (0.04  +  0.04  +  0.25  X  0-40)  (^^^^^—^  +  (0.05  X  60  X  42.4) 
/47.5  X  30.7  X  15\       /624  X  0.05  X  90  +  10 


60  /       V  60 

=  2380  B.t.u.  per  minute  =  11.9  tons. 

8  This  problem  was  suggested  hy  R.  N.  Cole,  of  Canton,  Ohio. 
^  Take  the  specific  gravity  of  gasoUne  as  0 .  702  and  1 . 0  pint  of  gasoline  as  weighing 
0.732  1b. 
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Adding  10  per  cent  for  safety,  the  total  amount  of  refrigeration  which 
should  be  provided  will  be  13.1  tons. 

Selection  of  Fan. — The  essential  factors  in  the  selection  of  a  fan  are : 
the  capacity  of  the  fan  in  cubic  feet  per  minute;  the  static  pressure 
developed  at  the  fan  discharge;  and  the  horse  power  required  to  drive 
the  fan.  Each  type  of  design  has  its  own  characteristic  curves,  and  these 
are  dependent  on  the  curvature  of  the  blade  tip  which  may  be  radial, 
forward,  backward  and  steel  plate.     The  short  curved  blade  is  the 


50     60      70     80      90     100     110    120    130    140    150 
Per  cent  of  rated  volume 

Fig.  337. — Characteristic  Curves  for  Standard  Fan  Tips. 


favorite  with  refrigerating  engineers  because  of  its  ability  to  run  at 
moderately  high  speeds. 

The  steel  plate  is  for  slow  speeds  only,  and  usually  is  steam  engine 
driven.  It  is  not  an  efficient  type  and  is  not  used  in  refrigeration  to 
any  extent. 

The  full  forward  tip  fan  has  a  high  outlet  velocity  but  is  noisy.  It 
has  the  slowest  tip  speed  for  a  given  tip  velocity  of  any  design,  but  the 
power  required  increases  rapidly  with  the  speed,  and  it  requires  an 
oversized  motor  to  prevent  danger  in  the  burning  out  of  the  motor 
windings. 

The  full  backward  tip  fan  has  a  rising  horse  power  up  to  a  certain 
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capacity  and  then  drops  ofif.  The  efficiency  is  high  and  this  design  is 
satisfactory^  in  every  respect  for  motor  drives. 

After  the  type  of  design  of  the  fan  is  selected  the  size  and  the  speed 
must  be  chosen.  Previous  calculations  will  have  determined  the  total 
pressure,  and  the  fan  catalogue  will  show  the  ratio  of  the  static  to  the 
total  pressure,  the  static  pressure  can  then  be  calculated  and  the 
problem  reduced  to  the  selection  of  a  fan  for  a  known  capacity  and 
static  pressure  at  discharge.  Reference  to  the  tables  will  seldom  give 
the  exact  conditions  required,  but  other  conditions  may  be  found  from 
the  following: 

a.  The  blade  tip  velocit}'^  and  the  volume  of  air  delivered  varies 
directly  as  the  revolutions  per  minute. 

6.  The  static  pressure  developed  varies  as  the  square  of  the  revolu- 
tions per  minute. 

c.  The  power  required  to  drive  the  fan  varies  as  the  cube  of  the 
revolutions  per  minute. 

It  is  quite  evident  that  increasing  the  speed  in  order  to  get  the 
required  volume  of  air  should  be  limited  to  small  amounts  unless  the 
increased  static  pressure  is  also  desired.  For  example,  the  Niagara 
No.  6  conoidal  fan  at  472  r.p.m.  delivers  a  volume  of  13,450  cu.  ft.  per 
minute  and  requires  5.8  hp.,  but  No.  8  at  204  r.p.m.  dehvers  13,820 
cu.  ft.  and  requires  only  1 .  98  hp. 
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Tj<  ojco 

— lr-<CO 

CO— 100 

lOOOiO 

TtHO»0 

CDOCO 

OOOCM 
CD  00  CO 

O— 1— 1 

CM  CM  CO 

•*  lOCO 

l>00O5 

OrHTt* 

—1  CM  CM 

OOCMt^ 

CM  CO  CO 

Blast 
Wheel, 
Inches 

^  t^o 

r-l  — (CM 

CM  >O00 
CM  CM  CM 

— ITf*  CO 

coco  CO 

OCMiO 

CO  TfHTjt 

00— ICO 

-HlN            -.IN 

CM  00  CO 
COcDI> 

o*o 
t^  OOO 

01 

«IN           HID 

CM  CO  CO 

00  05  0 

T-4 

rHCMCO 

f-{  r-tr-t 

■*»OCO 
— I  .M  — 1 
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02 
CO 

'is 

c 
1— 1 

CO 

^1 

050CM 
OCOCM 

lO  to  lO 
-<*  05t> 

lOiOO 
OOCM  Cft 

OOiO 
OiCMl> 

sss 

lOOO 

■*  oco 

§88 

CO  "Ot^ 

05^'* 

1^-H   Tfl 

—1  CM  CM 

oocot^ 

CM  CO  CO 

C^lt^O 
■<*  -*  lO 

— 1  lO  Oi 

I>  OOOi 

icco  — 
— icolo 

Volume 
of  cubic 
feet  per 
minute 

3,250 
4,680 
6,360 

8,320 
10,550 
13,000 

15,750 
18,700 
22,950 

25,450 
29,200 
33,300 

37,550 
41,050 
52,000 

62,900 

74,950- 

87,900 

101,900 
117,000 
133,000 

2958 
2463 
2115 

1850 
1645 
1480 

1345 
1232 
1139 

CDt^  lO 

lO  X  CM 
OOiO 

rH 

OCMO 
l^CMTt* 

oooot^ 

CO  CD  OS 

t^rH  O 

CDCOiO 

00  CO  CM 
CM  05C0 

a 
1— 1 

O    o 

-*  CO  »o 

05CM  t^ 

CM  CM  lO 
lOiOt- 

COCM  lO 
CM  O5  00 

lOCO 

OTtH  rH 

»0  lO  o 
0500 

COO 

2g§ 

CM-*  lO 

t^05  r-H 

i-H 

T}<  CD  O 

CO  COO 

CM  01  CO 

cooor^ 
CO  CO  -* 

CO  t^  o 

»0  CDI> 

CM  »0  O 
C5  0CM 

Volume 
of  cubic 
feet  per 
minute 

3,010 
4,330 
5,890 

7,700 

9,740 

12,000 

14,550 
17,300 
20,300 

23,550 
27,050 
30,800 

34,750 
38,950 
48,100 

58,150 
69,250 
81,300 

94,300 
108,000 
123,000 

2740 

2282 
1958 

1713 
1522 
1370 

1245 
1141 
1054 

00  -#  CO 

t-rHlO 

0  05  00 

t^i-HlO 

ocooo 

OOt-CD 

COOt^ 
CMt^CM 

CDiOiO 

OICOOO 
00  lOCM 

9^ 

3 

a;    ■ 
PhO 

U  CM 

d 

l-H 

1 

CM 

O   o 

CM  05  »0 
CM  i-H  CO 

00  oit^ 

CO— 100 

»OGO  c 

t^r^  o 

0>00 

OiOO 
cDt^  lO 

iCOO 

OirHO 

lO  CO 
10005 

CM  CO-* 

»o  t^  00 

O  CM  lO 

t^OSCM 

rH  rt  CM 

iO00»O 
CM  CM  CO 

CM  ^  O 
TJH  lO  CO 

0500 

CO  00  05 

Volume 
of  cubic 
feet  per 
minute 

OOO 

lo  CO  Oi 

t^  CT>  CO 

c^fco  »o 

7,050 

8,920 

11,000 

13,300 
15,800 
18,600 

21,550 
24,750 
28,150 

31,800 
35,600 
44,000 

53,250 
63,500 
74,400 

86,300 

99,000 

112,500 

d 

2490 
2075 
1780 

1559 
1385 
1249 

1133 

1040 

960 

^— (  o 
05  CO  CO 

00  00  t^ 

CO  CO  >o 

COOICM 
t^  CD  CO 

COCM  00 

lO  lO  •<*< 

lOiOC 

TfH  rt  Oi 

""JH-^CO 

3 

la 

d 

)— ( 

CM 

^1 

O   o 

05  05C^5 
lOCM  -H 

00  cot^ 

O  ^  CO 

CM  00  CO 

1>  "-H  t^ 

OCMO 

lococo 

OiOO 

■*  coio 

«0>0  lO 
OOl^O 

ooo 

O-*  CO 

rH  CM  CO 

-<*<  iC  CD 

t^OSO 

r-H 

CM  TJH  CO 
rH  rH  >— 1 

00  O  lO 
— ICM  CM 

o  coco 
CO  CO  ■* 

or^»o 

lO  lOCO 

Volume 
of  cubic 
feet  per 
minute 

•ooo 

lOTfH  O 

TjH_iO__00^ 

cm"co  •*" 

6,270 
7,950 
9,800 

11,880 
14,120 
16,600 

19,250 
22,100 
25,100 

28,400 
31,800 
39,300 

47,450 
56,500 
66,200 

76,800 

88,500 

100,500 

a 

d 
pi 

2225 
1860 
1595 

1395 
1240 
1117 

»OCM  O 
OOiOO 

O)  lOO 
05  ■*  O 

»OCM  lO 

COCO  lO 

t^kOO 

O  coco 

05  CO  05 
05t^Tj( 

CO  CO  CO 

Outlet, 

Square 

Feet 

^  rt  O) 
05  CO  t^ 

CO  ic** 

C0O5CO 

-H  lOCO 
T}<CM  rH 

Tt<  05  CO 
rH— (  CO 

CO— 100 
»O00»O 

■*  o  »o 

CDOCO 

OOOCM 
CD  00  CO 

Oi-H^ 

CM  CM  CO 

Tt<  U5<0 

JV00O5 

O— 1  -* 

—1  CM  CM 

OOCMl^ 

CM  COCO 

•is 

Blast 
Wheel, 
Inches 

-t<  t^  o 

rt  rH  CM 

CM  lOOO 
CM  CM  CM 

CO  CO  CO 

CT)  CM  »0 

CO  "^  "^ 

00— ICO 

■<*  ICIO 

CM  00  CO 

cOcoi> 

o  -*  O 

t^OOOi 

to 

C^COOO 

r»<^»0 

>0<£)C0 

H|N 

00  0>0 

—I  CM  CO 

l-H  ^H  rH 

■«*<  >OCO 
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a 

o 
O 

o 
z 

3 
« 
o 


> 

< 

a 
o 


W 

pa  J  T3 

^    H     ■ 
0^  Q 

►J  o 


o 
o 
<; 

o 


< 
O 


CJ  lO 

^? 

t-H 

1 

l-H 

^1 

O   O 

o  COCO 

^  CD—f 

OiOCO 
t^COO 

OOl  lO 

cc  lO  lo 

OOlOl 
GO  CO-H 

OOOO 

T-H^T-H 

0.-HCD 

iCOO 

T-H  ^  CO 

r-H  .-H  Ol 

(M  CO* 

Tt<  CD  00 

O  CO  CD 

Oi  Ol  CO 

T-H    Ol    01 

0  *  oo 

01  CO  CO 

coco  CO 
*  *  IC 

Volume 
of  cubic 
feet  per 
minute 

2,010 
2,720 
3,580 

4,510 
5,580 
6,740 

8,030 
10,920 
14,250 

18,050 
22,300 
26,950 

32,080 
37,410 
43,700 

50,1.50 
56,900 
64,400 

72,250 
80,250 
89,200 

S 

1174 

1005 

880 

CO  uo2 

t^  01  o 

ooo* 

lOO* 

^  Ol  o 
CS  lO  Ol 

CO  CO  CO 

CO   1-H    ^ 

0  t^  lO 

01  Ol  Ol 

*  ot^ 

CO  T-H  O 

OlOl  Ol 

IC  IC  CO 

oioot^ 

2i 

3 
a;     . 

-3d 
02  II 

d 

1 

icr^cD 

CD  00^ 

t^  Ol  05 

*GOrt 

,-H  lO  lO 

CD  lOCO 

GO  »C  C/3 
00  OQt^ 

*  oo 

*  Ol  Ol 

OOO 
COCD  O 

ooo 

iCO^  c 

OO'-i 

l-H   i-l  CM 

01  CO* 

no  t^  00 

O  Ol  ■* 

CO  GO  T-H 

T-H    T-H   Ol 

CO  coo 

Ol  Ol  Ol 

Volume 
of  cubic 
feet  per 
minute 

1,640 
2,220 
2,920 

ooo 

GCOO 
CD  lO  lO^ 

CO -^'lO 

6,550 

8,930 

11,630 

14,730 
18,200 
22,000 

26,200 
30,550 
35,650 

40,900 
46,450 
52,550 

59,000 
65,500 

72.8.50 

S 

pi 

oooo 

lOiM  -H 
O  00  t— 

O  >OiM 
COt^Ol 
CD  lO  lO 

ooo 
r^  ^  lo 
*  *  CO 

Olt^  ^ 

— '  00  CD 

CO  Ol  Ol 

05  rt  UO 
COOl  o 
Ol  Ol  Ol 

T-H  Ol  O 

o  t^  CO 

o^  * 

iC  »c  * 

2 

3 

^     . 

.Si?? 

-f^  o 

^  II 

a 

h-l 

^1 
si 

(N  00  lO 

cDoooq 

Ort  * 

O  ^  Ol 

t^  CO  o 

Ol  -H  ^ 

00  1^  t^ 

00  c-0  * 

t^  O  Ol 

O  OiO 

CD  T-H  CD 

IC  kC  »c 

Ol  ox 

OOO 

O  — 1  r-H 

^Ol  CO 

CO  ■*  lo 

CDl>OJ 

OOl  CO 

T-H  i-H  ,-H 

ict^oc 

Volume 
of  cubic 
feet  per 
minute 

1,420 
1,925 
2,530 

3,185 
3,940 
4,765 

5,675 

7,730 

10,080 

12,750 
15,750 
19,100 

22,700 
26,450 
30,850 

35,400 
40,200 
45,500 

51,100 
56,700 
63,100 

a 

d, 
pi 

O  O  CO 

CO  ^  Ol 

OOt^  CD 

cooo  Ol 

uo  05  "0 
lO  -*  * 

ICIO  "O 
^  iC  ^ 

*  CO  CO 

CD  00  CD 
t^*  Ol 
Ol  Ol  Ol 

t^oi  t^ 

0  or-- 

01  rH  r-l 

lO*  CD 
CD»0  * 

00  >-<  ic 
CO  COOl 

T-H  T-H  rH 

CO 

«3       . 

-So 
O)  II 

a 

1 

^1 
Si 

co^  ^ 
Ol  CO-* 

Ol  *  t^ 

lO  CD  t^ 

Ol  lO  * 
O  Ol  CD 

00  coo 

O  lO  rH 

O— (Ol 
CO  COO 

CD  t^Ol 

1>  lO  * 

,-H  CDIC 

cooler 

OOO 

ooo 

Or-I  ^ 

Ol  Ol  CO 

CO  *  lO 

lOCDt^ 

OOOO 

Volume 
of  cubic 
feet  per 
minute 

1,160 
1,570 
2,065 

ooo 

OOl  Ol 
CDOT^OO 

ofco''co 

ooo 
CO  Ol  CO 
CO  CO  Ol 

*  CO'^OO" 

10,410 
12,880 
15,550 

18,530 
21,600 
25,200 

28,950 
32,800 
37,150 

41,700 
46,300 
51,500 

a 

d, 

pi 

ooooo 
t^  ooo 

CD'O'C 

T-H   t^05 

ICOCD 
*  *  CO 

OlO* 

CO  05  >0 

cooioi 

CD  co>o 
Ol  ooo 

Ol  Ol  r-( 

Oi  CD  lO 

co»o* 

lOt^O 

COOl  Ol 

I-H  r-H  T-H 

Ol  t-^oi 

t-hOO 

03 

Ol 

Outlet, 

Square 

Feet 

t>.  Tt*  CD 
t^OCO 

lOCD  -H 

t^  —1  CD 

CO  CD* 

l-H  Ol  iO 

o  lor^ 
rt  t^  >o 

O  lO  O 
OOOOl 

OOO 
t^-*  * 

OOO 

ict^oo 

OrH^ 

^Ol  Ol 

CO  *  »o 

t^ooo 

CO-*  t^ 

O  Ol  IC 

T-HOlOa 

00^  iC 

Ol  coco 

1     <H 

a 

Blast 
Wheel, 
Inches 

05(N  "O 
1-H  (M  0^ 

t-IOOi-(lQO«l<30 

05  Ol  kO 

Ol  coco 

00  lO^ 
CO*  iC 

r-loOrtl-Krt* 

1:^  *  O 

lOCD  t^ 

t^  CO  o 
t>.00  o 

CD  COOl 
OOO 

T-H  I-H 

icoi  00 

-Hd   Ol 

OiOO 

CO  CO-* 

lOO  >o 
-*  lO  lO 

OOO 
COl>00 

OOO 
OO-H 

T-H    T-H 

ooo 

Ol  CO  * 

ooo 
iccoo 

■-H  rt  Ol 
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oo 

d 

1 

CO 

O    o 

CO  COO 
CM  00  CD 

CO— lTt< 

coo  CO 

OICO 
»-i  CM  lO 

ooo 

lOiO  lO 

588 

OOO 
OOCOiO 

OOO 
O  lO  o 

-<tl  LC  t^ 

Cft  ^  -H 

l^COO 
1-1  0-1  CO 

oor^t^ 

CO  "*  »o 

oooco 

CD  GC  O 

CO— it^ 
o  o-i  CO 

M^r-O 

lO  t^  o 

T-(   T-H    I-H 

Volume 
of  cubic 
feet  per 
minute 

3,070 
4,155 
5,460 

6,890 

8,510 

10,290 

12,250 
16,700 
21,750 

27,550 
34,050 
41,200 

49,000 
57,200 
66,700 

76,600 
86,900 
98,400 

110,400 
122,500 
136,300 

pi 

1792 
1534 
1345 

1195 

1076 

976 

CO  t^  CM 

O  CDI^ 
OC  t^CD 

N-t^  GO 

o  CO  '00 

lO  lO  ■* 

r^  coM< 
t  -H  00 

TtH  ^  CO 

GOIOCD 
lO  CO  -H 

CO  00  CO 

OOCMO 
O  00'  CD 
CM  OJ  CM 

^!^ 

a 
1— 1 

CO 

£1 

00  CO  CO 
CO  coo 

CO  xo  00 
O"*  CO 

lO  "O  o 
•O  Tt<  CM 

lo  oo 

lO  t^  CD 

lOOO 
CM  TtH  CO 

ooo 

i>COO 

OOO 
CM  ooo 

CO^  CD 

t^  o  ^ 

CO  GO  -TfH 
— (  — (  C^l 

Ot^iO 

CO  co^* 

'^  CO  CO 

«OCDt^ 

't  coo 
00  o  o 

I-H 

CM  COO 

cj  CO  LO 

Volume 
of  cubic 
feet  per 
minute 

OiCO 

TjH  T^  CD 

00  xq_ 
cm'coio 

lOOO 

r^  00  CO 

CO  00  to 

CD^t^'o" 

11,340 
15,460 
20,150 

25,500 
31,530 
38,100 

45,400 
52,900 
61,750 

70,900 
80,400 
91,000 

102,200 
113,300 
126,100 

1660 
1420 
1245 

1108 
996 
904 

OO-H 
GCt^CO 

cot^  c^i 

lO  C3  lO 
»0'*  -^ 

Tt<  CO  lo 

— 1  X  lO 

TfH  CO  CO 

— lOCO 

CO  -^  o 

CO  CO  CM 

l^Ol  o 

I^  CD  lO 

CM  CM  CM 

d 

CO 
03 

o  oi 

c 

1 

cm" 

t^GO  00 

lO  ^  >o 

— (OCD 
GC  CM  CD 

--^  coo 

COO^ 

ooo 
cot^t^ 

0>0i<0 
CO  CM  —1 

ooo 

lO  "O  o 

OOO 

ocoi> 

C^l  CO  •* 

lOt^OO 

O  Tt*  GO 

CO  X  'ti 

C^l  CM  CO 

^GOCD 
TfH  TtH  >0 

^coco 

CO  t-  GO 

CO  CO  ■>* 
oo— 1 

Volume 
of  cubic 
feet  per 
minute 

2,595 
3,510 
4,620 

lOOO 
CM  O  O 
GO  CM  t^ 

lo't^'oo" 

10,370 
14,120 
18,400 

23,300 
28,800 
34,800 

41.400 
48,350 
56,400 

64,750 
73,500 
83,200 

93,400 
103,700 
115,100 

pi 

1515 
1295 
1135 

1010 
910 
826 

00  CO  00 

no  -^  CD 
t^CD  lO 

lo  ■*  CO 

OiO—i 
lO  r)H  Tt< 

00  0-* 
t^  »0  CM 

CO  CO  CO 

CM  COt^ 

OOO  CO 
CO  CM  CM 

rHOSOO 

•O  CO  CM 
CM  CM  CM 

02 
CO       . 

aj   n; 

-^  II 

d 
1— 1 

CM 

Tt^CM  00 

00  lO  CM 

iO  lOO 

00  CM  CM 
COO^ 

oooo 
CD  -*  oo 

OO  lO 
lOiiOi— 1 

OOO 
— <  CD  •># 

OOO 
^  O)  o 

^  CM  CO 

Tj<  lO  CD 

t^OCO 

CDO^ 

rHCM  CM 

05  MH  O 
CM  COTt< 

OCM  O 
■*  »OiO 

CD  '^  CM 

cot>  00 

Volume 
of  cubic 
feet  per 
minute 

2,320 
3,140 
4,135 

5,210 
6,440 

7,780 

9,260 
12,630 
16,450 

20,850 
25,750 
31,100 

37,050 
43,250 
50,400 

57,900 
65,700 
74,300 

83,500 

92,650 

103,000 

1355 
1160 
1018 

Tt<Tj<00 

O— 1  CO 

ooot- 

ooooo 

t^ooo 

CD  »0»0 

-HCOOi 

lOOcD 
r}<rJHCO 

00  coo 

co^  o 

CO  CO  CM 

o  coo 
t^  >o  CO 

CM  CM  CM 

«0  rfH  Tf 

C^J  — H  O 

CM  CM  CM 

1^ 

Outlet, 

Square 

Feet 

t^-^CO 
t^OCO 

lOCD-H 

t^-H  CD 

coco  •* 

OiOt^ 

i-Ht^lO 

O  lO  o 
ooo  CM 

OOO 

t^  TJH  -* 

OOO 
>0  t^  CO 

O'^'^ 

rH  CM  CM 

CO-*  »o 

l^OOO 

CO   Tt<t^ 

OCM  lO 
—H  CM  CM 

00  — 1  lO 

CM  coco 

.2S 

Blast 
Wheel, 
Inches 

05CM  »0 
^CMCM 

O  CM  lO 
CM  COCO 

OOiO—l 
COtJHIO 

t^  •*  o 

lOcDt^ 

t^COO 

CD  C0  05 
OOO 

I-H  I-H 

>OCM  oo' 
-H  C^l  CM 

OuOO 
CO  CO  "^ 

lOO  lO 

T}<10»0 

ooo 
cor^oo 

§82 

1-H  r-i 

OOO 

C5  CO  ■<*< 

OOO 
lOCDt^ 

OOO 

oooo 

-(-<CMl 
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TABLE  107 
Dimensions  of  "  ABC  "  Am  Washing  and  Cooling  Fans 


•    5  Anchor  bolts 

It! 

set  3^  above  foundation 


8  Fresh  water  supply  except  for 
sizes  14  &  16  which  take  i'\ 


Drain  to  sewer 


Circulating  water  drain  valve 


Fan 

Num- 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

ber 

6 

331 

38^ 

27i 

38 

25  f 

27f 

27 

221 

36t^ 

33  f 

36 

32f 

5^ 

54 

24 

7 

38f 

44  i 

3U 

43 

31f 

32i 

30 

251 

401^ 

38^ 

42 

404 

2h 

64 

28 

8 

431 

50i 

35^ 

48 

34f 

36f 

33 

271 

43  H 

40f 

48 

45 

3 

71 

33 

9 

49i 

56i 

39f 

54 

39f 

40f 

36 

30f 

48t^ 

45f 

54 

34f 

19^ 

7f 

38 

10 

541 

621 

43i 

59 

42f 

46f 

39 

33 

51t^ 

484 

60 

34f 

241 

8f 

48 

11 

591 

68i 

47^ 

64 

45f 

51  f 

42 

341 

55  t\ 

51 

66 

40f 

23  i 

8f 

54 

12 

65i 

74i 

51f 

69 

48f 

57f 

45 

35  f 

58  T^ 

521 

72 

40f 

28i 

81 

58 

14 

76 

86i 

59^ 

80 

54f 

68f 

48 

401 

62  A 

59f 

84 

414 

38^ 

llf 

86 

16 

861 

981 

671 

91 

60  f 

79f 

51 

43! 

65A 

62  f 

96 

414 

49i 

111 

90 

Shaft 

at 
Bear- 

Shaft 

P 

Q 

R 

S 

T 

U 

V 

W 

X 

Y 

Z 

& 

at 
Wheel 

ing 

6 

14^ 

22 

18 

If 

^h 

5f 

iH 

13 

201 

m 

15i 

2H 

2M 

7 

17i 

25^ 

211 

n 

9 

51 

13 

134 

221 

21  f 

17f 

3t^ 

3t^ 

8 

m 

28 

23 

If 

10^ 

5f 

14f 

151 

25 

24 

20 

3A 

3H 

9 

2H 

32 

27 

3 

10^ 

7 

14i 

19 

28f 

231 

191 

Q  15 

3i* 

10 

221 

35 

30 

3 

10^ 

7 

14^ 

204 

30i 

231 

191 

3H 

4t^ 

11 

24f 

38i 

34 

3 

m 

7 

14^ 

204 

301 

231 

19^ 

4t^ 

4iV 

12 

251 

4U 

36 

3 

m 

7 

14^ 

211 

31i 

231 

19^ 

4^ 

41^ 

14 

29f 

m 

40 

3 

m 

7 

14i 

244 

341  231 

19^ 

ii 

4^ 

4H 

16 

32f 

55f 

49 

3 

101 

7 

14i 

274 

37i  231 

m 

1 1 

4-i 

5i^ 
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TABLE  108 
Capacitt  Table  for  the  "ABC  "  Air  Washing  and  Cooling  Fans 


C.F.M. 

Outlet 
Velocity 

Static 

Pressure  in  Inches, 

W.  C. 

Diameter 
of  Fan 

^in.      1 

^in. 

l-in. 

B.hp. 

R.p.ni. 

B.hp. 

R.p.m. 

B.hp. 

R.p.m. 

30 
30 
30 

4,000 
4,800 
5,600 

1000 
1200 
1400 

.78 
1.11 
1.54 

339 
368 
402 

1.3 

1.68 
2.18 

420 
446 
475 

1.89 
2.33 
2.86 

489 
512 
537 

36 
3G 
36 

4,340 
5,210 
6,080 

1000 
1200 
1400 

.847 
1.21 
1.67 

2,^2 
307 
335 

1.41 
1.83 
2.37 

350 
372 
396 

2.04 
2.54 
3.11 

407 
427 
448 

42 
42 
42 

0,680 
S,020 
9,350 

1000 
1200 
1400 

1.31 
1 .  86   1 
2.56 

341 
232 

2.:;7 

2.18 
2.81 
3.64 

300 
318 
339 

3.14 
3.91 

4.78 

349 
366 
386 

48 
48 
48 

8,040 

9,650 

11,250 

1000 
1200 
1400 

1.57 
2.23 
3.08 

211 
230 
251 

2.62 
3.39 
4.37 

262 
279 
297 

3.78 
4.68 
5.75 

306 
320 
336 

54 
54 
54 

10,040 
12,050 
14,050 

1000 
1200 
1400 

1.96 
2.79 
3.85 

188 
204 
223 

3.28 
4.22 
5.47 

233 

248 
264 

4.74 

5.85 
7.18 

272 

284 
298 

60 
60 
60 

11,680 
14,000 
16,350 

1000 
1200 
1400 

2.28 
3.24 
4.48 

169 
183 
200 

3.8 

4.91 

6.37 

210 
223 
238 

5.5 

6.81 
8.35 

244 
256 
268 

66 
66 
66 

14,700 
16,880 
19,700 

1000 
1200 
1400 

2.74 
3.89 
5.40 

154 
167 
182 

4.57 
5.93 
7.67 

191 
202 
216 

6.63 

8.21 

10.10 

222 
233 

244 

72 
72 
72 

16,000 
19,200 
22,400 

1000 
1200 
1400 

3.12 
4.44 
6.14 

141 
153 

167 

5.21 
6.74 

8.71 

175 
186 
198 

7.54 

9.35 

11.49 

204 
213 
224 

84 
84 
84 

20,200 
24,240 
28,300 

1000 
1200 
1400 

3.94 
5.62 
7.75 

121 
131 
143 

6.58 

8.48 

11.00 

150 
159 
170 

9.52 
1 1 .  78 
14.45 

175 
183 
192 

96 
96 
96 

25.000 
30,000 
35,000 

1000 
1200 
1400 

4.88 
6.94 
9.60 

101 
115 
125 

8.15 
10.50 
13.60 

131 
1.39 
148 

11.77 
14.60 
17.90 

153 
160 

168 

108 
108 
108 

33,050 
39,600 
46,300 

1000 
1200 
1400 

6.44 

9.16 

12.70 

94 
102 
112 

10.75 
13.86 
18.00 

117 
124 
132 

15.55 
19.07 
23.2 

136 
142 
149 

120 
120 
120 

39,100 
46,900 
54,700 

1000 
1200 
1400 

7.62 
10.85 
15.00 

85 

92 

100 

12.7 
16.4 
21.3 

105 
112 
119 

18.4 
22.8 
28.0 

122 

128 
134 

132 
132 
132 

45,600 
54,700 
63,800 

1000 
1200 
1400 

8.88 
12.65 
17.4 

77 
84 
91 

14.8 
19.2 
24.80 

96 
101 
108 

21.45 
26.60 
32.60 

111 
116 
122 

144 
144 
144 

52,600 
63,100 
73,600 

1000 
1200 
1400 

10.25 
14.60 
20.20 

70 

77 
84 

17.10 
22.10 
28.62 

88 
93 
99 

24.75 
30.70 
37.60 

102 
107 
112 

156 
156 
156 

60,000 
72,000 
84,000 

1000 
1200 
1400 

11.70 
16.67 
23 .  00 

66 

70 

77 

19.50 
25.25 
32.70 

81 
86 
92 

28.21 

35.0 

43.0 

94 

99 

103 

These  capacities  are  for  Sinj^le  Inlet  Fans.  At  the  same  speeds  and  pressures  Double 
Inlet  Fans  will  deliver  twice  the  volume  of  air  and  will  require  twice  the  amount  of  power 
for  operating. 
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CHAPTER  XVI 

MISCELLANEOUS  APPLICATIONS  OF  REFRIGERATION 

Some  of  the  applications  of  refrigeration  are  very  special,  and  it 
seems  best  to  bring  these  all  together  into  one  chapter.  In  some  of  the 
following  there  is  no  established  method  of  solution,  while  in  others, 
for  example,  in  the  case  of  the  problem  in  shaft-sinking,  refrigeration  has 
been  abandoned,  practically,  as  a  modern  method,  but  some  of  the 
devices  outlined,  however,  may  be  useful  in  solving  other  problems  not 
mentioned  specifically  in  the  text. 

SKATING  RINKS 

The  skating  rink  is  one  of  the  popular  uses  to  which  mechanical 
refrigeration  has  been  appHed.  Although  it  would  seem  at  first  that  it  is 
similar  in  most  respects  to  other  applications,  yet  in  reality  it  is 
very  different,  in  fact  unique,  in  the  details  of  design  and  operation. 
Of  course,  there  is  the  factor  of  the  making  of  ice,  and  yet  it  is  entirely 
different  from  commercial  ice  making,  inasmuch  as  skating  rinks  require 
an  ice  surface  of  particular  quality  and  temperature  and  nothing  else. 
It  has  been  found  that  the  best  surface  for  skating  is  one  that  is  very 
nearly  at  32  deg.  F.,  but  which  is  not  wet  on  the  surface  and  has  at  the 
same  time  a  temperature  of  from  22  to  24  deg.  F.  near  the  refrigerating 
coils.  A  room  temperature  of  from  48  to  50  degrees  is  comfortable  and 
is  the  most  desirable  for  skaters. 

Design  of  Skating  Rinks. — The  skating  floor  should  be  as  soHd  as 
possible.  Unless  concrete  is  used  it  is  well  to  have  about  10  to  12  in.  of 
sand  on  which  are  laid  stringers  on  about  24  to  36-in.  centers  to  which 
the  piping  is  attached.  The  piping  can  be  either  1  in.  or  I3  in.,  erected 
on  from  3  to  6-in.  centers,  but  4  to  45-in.  centers  will  give  the  best 
results,  as  there  is  less  likelihood  of  soft  places  between  the  pipes  if  the 
larger  spacing  is  not  used.  The  brine  system  is  the  one  used  almost 
entirely  because  of  the  freedom  from  variable  temperatures,  and  because 
of  the  abihty  with  brine  to  store  up  refrigeration  in  a  brine  tank  for  the 
occasion  of  a  peak  load  which  is  almost  inevitable  in  the  case  of  the 

545 
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skating  rink.  A  brine  temperature  of  about  16  to  18  deg.  F.  gives  the 
most  satisfactory  results,  as  it  has  been  found  that  if  the  ice  is  too  cold, 
and  hard,  it  does  not  wear  well  but  forms  snow  easily — a  condition  that 
does  not  exist  with  the  ice  at  or  near  32  degrees. 

The  brine  lines  should  be  arranged  so  as  to  be  readily  accessible. 
There  is  nothing  standard  in  regard  to  the  supports  for  the  pipes.  The 
Vancouver,  B.  C,  rink  is  built  on  lumber,  while  the  Duquesne  Garden 
was  built  on  a  wooden  floor  with  some  three  or  four  feet  of  open  space 
beneath  it.  The  Winter  Garden,  Pittsburgh,  is  laid  entirely,  and  the 
Seattle  rink,  partly,  on  concrete.  The  Chicago  Arena,  the  Cleveland, 
the  Portland  (Oregon),  and  the  Victoria  rinks  were  laid  directly  on  the 
floor.  The  essential  is  that  the  floor  be  level.  Insulation  of  the  floor  is 
considered  unnecessary  and  simply  an  added  expense. 

There  is  no  standard  method  of  piping.  Some  rinks  are  designed  for 
a  reversal  of  brine  flow  and  others  are  not.  As  a  rule  the  brine  headers 
run  the  long  way  of  the  rink  and  the  pipes  are  arranged  to  run  across 
the  short  dimension.  Some  engineers  specify  that  the  piping  shall  be 
laid  out  so  that  each  separate  circuit  is  of  equal  length  in  order  that  the 
regulation  of  flow  can  be  obtained  without  throttling  the  shorter  circuits. 
The  amount  of  brine  flow  varies  considerably  also,  but  a  brine  temper- 
ature rise  of  from  two  to  four  degrees  only,  should  be  permitted,  and  the 
temperature  during  the  operation  of  the  rink  should  be  approximately 
from  16  to  18  degrees.  It  is  essential  that  brine  piping  be  laid  out  so 
that  air  pockets  cannot  be  formed  and  so  that  the  air  be  carried 
upwards  to  a  point  where  air  cocks  can  be  placed.  The  resistance  to 
the  flow  of  the  brine  should  not  be  greater  than  4  to  6  lb.  per  sq.  in.  in 
order  to  keep  the  pumping  cost  of  operation  as  low  as  practical.  A  ratio 
of  1  gal.  of  brine  per  minute  to  23  sq.  ft.  of  floor  area  was  used  with 
success  in  the  Chicago  Arena. 

As  regards  methods  of  calculation  of  the  tonnage  required,  it  will  be 
more  satisfactory  to  refer  to  the  table  showing  what  has  been  done 
before  in  the  case  of  rinks  that  have  been  successful.  Some  tests  by 
D.  H.  Scott  at  the  Cleveland  rink  showed  that  a  heating  effect  of 
21,000,000  B.t.u.  per  day  prevailed  at  the  time  of  the  test.  Of  this 
amount  it  was  estimated  that  18  per  cent  was  due  to  direct  sunlight, 
12  per  cent  to  heat  leakage  through  the  walls  and  the  roof,  3  per  cent 
to  air  changes,  20  per  cent  to  requirements  in  freezing  the  ice,  9  per 
cent  to  a  special  temperature  control  used  at  this  rink,  8  per  cent  to  the 
heat  evolved  by  the  skaters,  1  per  cent  to  the  electric  illumination, 
leaving  29  per  cent  unaccounted  for.  It  would  seem  that  the  loss  due  to 
infiltration  would  be  more  than  3  per  cent,  and  some  heat  would  be  given 
b}^  the  ground.    As  the  skating  season  extends  from  the  fall  through  the 
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winter  into  the  spring,  it  is  out  of  the  question  to  make  any  careful 
analysis  of  the  refrigeration  requirements,  and  it  seems  much  better  to 
be  governed  by  designs  in  successful  operation.     It  has  been  usual  to 
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Fig.  338.— Skating  Rinks. 


design  the  piping  so  that  the  floor  may  be  used  for  other  purposes  in 
the  summer  time. 

The  average  cost  of  rinks  has  been  $1.40  per  sq.  ft.  of  ice  surface. 
The  usual  allowance  is  20  sq.  ft.  of  ice  surface  per  skater,  which  is 
considered  liberal,  and  12  sq.  ft.  is  considered  to  give  a  crowded  condi- 
tion.    Figures  338  and  339  give  typical  arrangements  of  brine  piping. 
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TABLE  110 


Madison  Square  Garden 

Pittsburgh 

St.  Nicholas 

Chicago  (arena) 

Berhn 

Washington,  D.  C 

Duluth,  Mich 


Ice  Surface, 
Square  Feet 


15,820  (85X186) 

15,750 

14,400 

33,900 

26,900 

23,600 

19,350  (90X215) 


Feet  of 
1-In. 
Pipe 


72,000 
106,200 


Feet  of 
U-In. 
Pipe 


53,000 
44.000 


82,000 
96,000 
52,000 


Linear 
Feet  per 
Square 
Foot  of 

Floor 


3.35 
4.57 
3.06 
3.13 
3.05 
4.06 
2.69 


System 


Brine 

Direct  exp. 

Brine 

Brine 

Brine 

Direct  exp. 

Brine 


Ice  Surface, 
Square  Feet 


Tonnage 


Square  Feet  of  Ice  Surface 
per  Ton 


Duquesne  Garden 

Brooklyn 

St.  Nicholas 

Washington,  D.  C 

Spokane 

Toronto 

Cleveland 

Chicago  (arena) .  . 
Portland,  Oregon. 


23,600  (90X262) 

15,285 

14,400 

23,600 

16,000 

16,000 

20,500  (86X240) 

33,925  (115X295) 

27,300  (85X321) 


135 

80 

80 

100 

65 

100 

130 

215 

175 


175 
191 
180 
236 
246 
160 
158 
158 
156 


THE  CHILLING  OF   CASTINGS 


In  the  chilling  of  castings,  such  as  in  the  manufacture  of  plowshares 
and  mold  boards,  one  of  the  objects  of  the  treatment  is  to  secure  a 
uniform  glass  hardness.  The  chilling  may  be  accomplished  by  the  use 
of  calcium  chloride  brine  in  the  case  of  iron  castings,  but  a  quenching  oil 
is  used  in  the  case  of  steel  manufacture.  It  is  understood  that  if  water 
were  used  in  either  case  the  heat  of  the  metal  would  generate  considerable 
steam,  and  while  the  greater  part  of  this  would  reheve  itself  readily,  yet 
some  would  cHng  to  the  surface  of  the  metal  and  form  a  surface  film  of 
gas.  The  action  of  such  a  surface  film  is  to  cause  resistance  to  the 
transfer  of  heat,  and  the  metal  would  be  cooled  non-uniformly  and  soft 
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and  hard  spots  would  be  formed.  The  action  of  brine  is  different  as  the 
gas  film  does  not  seem  to  be  so  marked  as  in  the  case  of  the  water.  If 
oil  is  used  a  slower  cooling  results  because  of  the  lower  value  of  the 
coefficient  of  heat  transfer  from  the  metal  to  the  oil  than  from  the  metal 
to  the  brine.     Experience,  however,  has  shown  that  sodium  chloride  only 
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Fig.  340.— The  Chilling  of  Cast  Iron. 


is  the  salt  giving  the  required  glass  hardness  expected  in  the  manufacture 
of  plowshares.  The  following  is  taken  from  the  John  Deere  Plow 
Company  records: 

Problem. — The  daily  run  consists  of  45,500  lb.  of  castings  which  enters  the 
brine  bath  at  1650  deg.  F.  and  is  cooled  to  50  degrees  (in  9  hours).  The  brine  is  to 
to  be  cooled  to  45  deg.  F.  and  is  to  be  heated  10  degrees  only.  Find  the  amount  of 
refrigeration  required  and  the  amount  of  brine  to  be  circuhited  per  minute. 
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The  specific  heat  of  the  casting  is  to  l)e  taken  as  0. 169,  and  of  the  brine  of  a 
density  of  1 .  115  as  0.843.     The  refrigeration  required  is 

45500 

X  (1650  -  50)  X  0.169  =  1,367,000  B.t.u.  per  hour. 

113.9  tons 
Adding  20  per  cent  for  unavoidable  losses  =  22 . 8 


=         136.7  tons 

Referring  to  Fig.  340  it  will  be  seen  that  the  brine  lines  are  quite  long  so  that  a 
liberal  factor  needs  to  be  used  for  the  losses.     The  brine  required  per  minute  will  be: 

1,640,000 

=  M  X  0.843  X  (55  -  45). 

60 

M  =  3242  lb.  per  minute. 

Taking  the  density  of  the  brine  at  1 .  115,  the  number  of  gallons  to  be  circulated  per 
minute  will  be  349. 


THE  POETSCH   PROCESS 

A  construction  process  used  some  years  ago,  but  which  has  been 
neglected  of  late  years,  is  the  freezing  process  of  sinking  vertical  shafts 
in  aqueous  soils  and  quicksand.  The  essential  feature  of  the  process  is 
to  sink  pipes  for  brine  or  direct  expansion  sufficiently  close  together  to 
enable  the  water  in  the  coil  to  be  frozen  solid.  For  this  purpose  brine 
at  about  —  15  deg.  F.  is  taken  and  the  pipes  are  located  about  3  ft. 
apart. 

An  estimate  of  the  refrigeration  required  can  be  made  when  the 
details  are  known.  Frequently  the  specific  gravity  of  the  dry  solids  is 
taken  at  1.8,  the  specific  heat  at  0.2,  and  the  average  water  content  in 
the  earth  at  25  lb.  per  cu.  ft.  The  frozen  ring  may  extend  1^  ft.  outside, 
and  3  ft.  inside  the  center  of  the  line  of  pipes,  but  the  ground  is  cooled 
5  ft.  beyond  the  frozen  zone.  For  calculating  the  time  of  freezing,  an 
average  value  of  85  B.t.u.  per  sq.  ft.  of  pipe  surface  is  recommended, 
and  33  per  cent  is  added  to  the  total  calculated  refrigeration  for  losses. 
The  total  time  of  freezing  usually  is  from  5  to  G  weeks. 

THE  PRODUCTION   OF  VERY  LOW  TEMPERATURES 

The  manufacture  of  liquid  air  cannot  be  said  to  be  an  application  of 
refrigeration,  although  at  times  some  use  of  refrigerating  processes  is 
made  during  a  part  of  the  course  of  operations.  For  example,  in  one 
plant  of  the  Linde  Air  Products  Company,  which  has  a  capacity  of 
55,000  cu.  ft.  of  free  air  per  hour,  a  3^-in.  by  10-in.  COo  compressor  is 
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used  in  the  fourth  stage  after-cooler  in  order  to  separate  out,  by  coohng 
the  air  to  —  20  deg.  F.,  as  much  moistiu'e  as  possible  at  this  point  rather 
than  to  permit  it  to  continue  on  to  the  expansion  valve  where  frost 
would  accumulate  and  interfere  with  the  continuity  of  action.  Liquid 
air  may  be  produced  by  two  principal  methods:  the  Linde  and  the 
Claude  processes. 

In  the  Linde  process  the  atmospheric  air  is  purified  by  passing  it 
through  a  lime  scrubber  in  order  to  reduce  the  carbon  dioxide  content 
in  the  air  to  0 .  003  per  cent,  which  would  also  freeze  on  the  throttle  valve 
were  it  permitted  to  continue  in  the  liciuefaction  process,  and  the  air  is 
then  compressed.  In  some  of  the  plants  55  per  cent  of  the  total  capacity 
of  the  plant  is  compressed  in  four  stages  to  2000  lb.  per  sq.  in.,  and 
45  per  cent  is  compressed  to  70  lb.  gage,  as  this  ratio  appears  to  work 
satisfactorily.  Cylinder  lubrication  is  secured  by  means  of  a  soap 
solution.  The  depression  of  the  temperature  at  the  throttle  valve  is 
obtained  by  means  of  the  Joule-Thompson  effect, ^  and  by  a  very  care- 
fully designed  counterflow  exchanger  and  rectification  column  (Fig.  341), 
The  depression  of  the  temperature  being  cumulative,  the  formation  of 
liquid  air  finally  commences  at  the  throttle  valve  and  floods  the  lower 
coils  (the  vaporizer) ,  and  by  boihn-g  performs  the  function  of  refrigerating 
the  compressed  gas  in  these  coils  to  the  point  of  liquefaction.  The 
liquid  air  passes  upward  through  (h  to  the  top  of  the  rectification  column 
where  it  trickles  down  through  the  screenings,  etc.,  of  the  column. 
The  vaporized  liquid  from  the  vaporizer  passes  counter-current  to  the 
descending  liquid  air,  and  in  due  time  an  equilibrium  is  established  with 
a  differential  temperature  of  about  20  deg.  F.  (—  194  deg.  C.  at  the 
top  and  —  183  deg.  C.  at  the  bottom).  As  nitrogen  boils  at  —  196  deg. 
C.  and  oxygen  at  —  183  deg.  C,  the  result  of  this  process  is  that  the 
nitrogen  gas,  with  7  per  cent  oxygen,  is  formed  at  the  top  and  oxygen, 
with  0.8  per  cent  nitrogen  gas  at  the  bottom.  The  remainder  of  the 
apparatus  is  designed  to  provide  the  counterflow  required  to  cool  the 
entering  compressed  gas  and  to  heat  the  extremely  cold  gases  leaving 
the  coils. 

The  result  of  the  Linde  process  is  the  production  of  nearly  pure 
oxygen,  but  the  nitrogen  has  about  7  per  cent  of  oxygen  present.  Bayley's 

1  The  Joule-Thompson  effect  for  air  is  about  0.5  deg.  F.  p-^r  atmosphere  drop 

of  pressure  during  throttling.    The  depression  of  temperature  (in  deg.  C.)  is  given 

by  the  expression 

/273\ * 
<:-^,  =  0.276(p,  -p,)(^— j 

where  pi  and  p2  are  the  pressures  before  and  after  throtthng,  in  atmospheres,  and 
T  is  the  initial  temperature  in  deg.  C.  abs. 
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experiments  in  1900  proved  that  this  percentage  of  oxygen  could  not  be 
decreased  when  using  the  rectification  column. 

The  Claude  process  uses  a  combination  of  an  expansion  engine  for 
two-thirds  of  the  gas  and  a  throttling  valve  for  the  remaining  one-third. 
The  gas  leaving  the  expansion  engine  is  at  about  four  atmospheres  and  is 
at  or  near  the  liquefaction  temperature  point,  whereas  the  air  which 
arrives  at  the  expansion  valve  is  liquid  at  about  33  atmospheres.  A 
selective  system  of  rectification  is  employed  which  is  rendered  possible 
by  a  preliminary  partial  separation  of  nitrogen  and  oxygen  and  a  com- 
bined system  of  heat  interchange  and  drying  which  eliminates  the 
necessity  of  a  chemical  removal  of  moisture  from  the  air.     Figure  341 
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Fig.  34L — The  Production  of  Very  Low  Temperatures. 

shows  the  Claude  system  details  to  some  extent.  The  power  required 
in  liquid  air  plants  is  approximately  30  to  33  b.hp.  per  1000  cu.  ft.  of 
oxygen  per  hour. 


THE  ICE  CREAM  AND   MILK  INDUSTRY 

Before  the  general  use  of  mechanical  refrigeration,  the  manufacture 
of  ice  cream  and  the  pasteurizing  of  milk  and  cream  were  limited  to  the 
use  of  ice  and  salt  for  cooling.  The  result  of  the  introduction  of  mechan- 
ical refrigeration  has  been  a  very  rapid  extension  of  the  industry  during 
the  last  twenty  years.  The  ice  cream  manufactured  previous  to  1900  in 
the  United  States  is  estimated  as  at  about  25  million  gallons  yearly, 
with  few  concerns  of  capacities  greater  than  100,000  gallons,  whereas 
the  capacity  in  1920  was  260  million  gallons  yearly,  and  a  number  of 
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firms  had  outputs  greater  than  a  milKon  gallons.  The  number  of 
refrigerating  machines  and  their  capacities  had  doubled  from  1919  to 
1922.  The  advance  in  the  use  of  mechanical  refrigeration  has  not  been 
so  rapid  in  the  dairy  plants.  The  listed  plants  were  of  9300  tons  of 
refrigeration  in  1904,  16,800  tons  in  1914,  and  46,400  tons  in  1922,  with 
an  average  tonnage  per  machine  of  13.5  tons. 

Pasteurizing  of  Milk. — Quick  cooling  of  milk  is  an  absolute  necessity 
when  the  milk  is  not  consumed  immediately.     Referring  to  Table  111 

TABLE  111 
Effect  of  Time  and  Temperature  on  the  Growth  of  Bacteria  in  Milk 


Temperaturo 

24  Hours 

48  Hours 

96  Hours 

168  Hours 

32deg.F.  (  Odeg.  C). 

2,400 

2,100 

1,850 

1,400 

30,000 

27,000 

24,000 

19,000 

39  deg.  F.  (  4  deg.  C.) . 

2,500 

3,600 

218,000 

4,200,000 

38,000 

56,000 

4,300,000 

38,000,000 

42dcg.  F.  (  5deg.  C). 

2,600 

3,600 

400,000 

43,000 

210,000 

5,760,000 

46  deg.  F.  (  6  deg.  C.) . 

3,100 

12,000 

1,480,000 

42,000 

360,000 

12,200,000 

50  deg.  F.  (10  deg.  C). 

11,600 
89,000 

540,000 
1,940,000 

55  deg.  F.  (13deg.  C). 

18,800 
187,000 

3,400,000 
38,000,000 

GOdeg.  F.  (IGdeg.  C). 

180,000 
900,000 

28,000,000 
168,000,000 

68  deg.  F.  (20  deg.  C.) . 

450,000 
4,000,000 

25,000,000,000 
25,000,000,000 

86  deg.  F.  (30deg.  C). 

1,400,000,000 
14,000,000,000 

94deg.  F.  (35deg.  C). 

25,000,000,000 
25,000,000,000 

good  quality  milk  held  at  42  deg.  F.  for  24  hours  showed  2400  bacilli, 
whereas  if  held  for  the  same  time  at  86  degrees  the  same  cubic  centi- 
meter of  milk  would  contain  1,400,000,000  bacilli.  When  milk  is  con- 
sumed in  cities  and  large  towns  it  frequently  is  between  36  and  48  hours 
old  when  delivered  to  the  consumer,  and  it  is  likely  to  be  from  48  to 
60  hours  old  when  it  is  consumed.  On  the  other  hand  it  has  been  found 
that  milk  cannot  be  frozen ^  with  satisfactory  results.    It  is  evident,  then, 

'^  In  Bulletin  No.  98,  United  States  Department  of  Agriculture  (By  J.  T.  Bowen), 
it  says: 

"According  to  Kasdorf,  when  raw  milk  was  partly  frozen  at  a  temperature  of 
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that  raw  milk  is  dangerous  for  all  purposes  other  than  for  cooking 
except  under  the  most  sanitary  conditions  of  production  and  bottling 
unless  some  very  drastic  method  of  curtailment  or  sterilization  of  the 
bacilli  is  possible.  The  present  method  is  to  "  pasteurize  "  the  milk 
(and  cream)  by  bringing  the  temperature  up  to  a  point  which  will  kill 
them  or  stunt  their  growth.  This  has  been  found  to  be  achieved  with 
satisfaction  by,  first,  heating  to  about  165  deg.  F.  for  a  half-minute 
(the  flash  minute),  and,  second,  of  heating  to  only  140  degrees^  and 
holding  the  temperature  for  30  minutes  (Fig.  342).  The  latter  is  the 
more  usual  method,  as  there  is  less  heat  to  be  removed  from  the  milk 
and  less  likelihood  of  a  scorched  taste  to  the  milk.  After  passing  through 
the  pasteurizing  process  the  milk  or  cream  must  be  cooled  quickly  to 
40  deg.  F.  This  is  done  by  the  so-called  Baudalot  cooler,  an  atmospheric 
type  of  cooler,  or  the  regenerator  type  of  cooler  (Fig.  345),  which  per- 
mits a  counterflow  of  the  cold  raw  milk  and  the  hot  pasteurized  milk. 
In  the  Baudalot  cooler  (Fig.  344),  the  first  part  of  the  cooling  is  done 

10.5  deg.  F.,  in  the  ordinary  container,  during  transportation  it  was  found  that  ice 
first  formed  around  the  sides  and  at  the  bottom  of  the  cans;  the  central  core  con- 
tained most  of  the  casein,  sugar,  and  other  mineral  ingredients,  while  most  of  the 
fat  was  found  in  the  top  layer  of  the  liquid  portion. 

"When  milk  which  has  been  frozen  gradually,  without  agitation,  is  thawed  out 
clots  will  be  found  floating  in  the  liquid  (composed  mostly  of  albumen  and  fat, 
which  may  be  dissolved  by  cooking);  on  the  other  hand,  if  the  milk  is  preserved  in 
a  frozen  condition  for  three  or  four  weeks,  these  clots  will  be  very  hard  to  dissolve, 
and  the  difficulty  experienced  in  dissolving  them  increases  in  proportion  to  the 
length  of  time  the  milk  is  preserved  in  a  frozen  state.  For  this  reason  the  freezing 
of  milk  for  the  purpose  of  transportation  has  so  far  been  very  little  practiced. 

' '  If  the  milk  is  held  at  32  deg.  F.  for  a  few  days  some  type  of  bacteria  will  grow 
and  multiply  slowly.  With  a  good  quality  of  milk,  i.e.,  that  containing  few  bacteria, 
it  may  take  weeks  or  even  months  for  them  to  gain  great  headway.  What  few  bacteria 
develop  at  low  temperatures  are  of  different  species  from  those  ordinarily  found  at 
the  higher  temperatures,  and  they  may  produce  marked  changes  in  the  chemical 
composition  of  the  milk  without  specially  changing  its  appearance.  Consequently, 
it  is  unsafe  to  assume  that  milk  w^hich  has  been  held  for  several  days  at  a  low  temper- 
ature is  in  good  condition.  According  to  Pennington,  milk  exposed  continually  to  a 
temperature  of  29  to  32  deg.  F.  causes  after  a  lapse  of  from  7  to  21  days  the  formation 
of  small  ice  crystals  which  gradually  increase  until  the  milk  is  filled  with  them,  and 
there  may  be  an  adherent  layer  on  the  walls  of  the  vessel.  The  milk  does  not  freeze 
solid.  In  spite  of  the  fact  that  the  milk  was  a  semi-solid  mass  of  ice  crystals,  an 
enormous  increase  of  bacterial  content  took  place.  Though  the  bacterial  content 
was  numerically  in  the  hundreds  of  millions  per  cubic  centimeter,  there  was  neither 
taste  nor  odor  to  indicate  that  such  was  the  case.  Neither  did  the  milk  curdle  when 
heated,  and  the  unfitness  of  the  milk  for  household  purposes  would  not  ordinarily 
be  detected  until  the  lactic  acid  bacteria  decreased  in  numbers  and  the  putrefractive 
bacteria  began  to  develop." 

3  Tests  at  Macdonald  College  (Ag.  Gazette,  Canada,  1917),  claim  that  152  deg.  F. 
is  required  to  make  coli  bacteria  non-virulent. 
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with  water,  and  the  brine  performs  the  cooHng  from  about  80  degrees 
to  the  final  temperature  of  40  degrees.  Too  low  a  final  temperature  is 
not  desired  as  the  milk  is  likely  to  foam  during  bottling.  After  bottling, 
the  cases  of  bottles  are  stored  in  a  cooler  room  in  order  to  hold  the 
temperature  until  such  time  as  delivery  takes  place. 

The  problem  of  refrigeration  in  the  cooling  of  milk  and  cream  is  very 
simple.  The  problem  is  one  of  cooling  a  liquid  only — from  about  80  deg. 
to  40  deg.  F.  The  only  distinctive  point  is  that  the  milk  usually  is  a 
short  period  load,  that  is,  it  consumes  some  3-5  hours  per  day  and 
usually  is  a  decided  "  peak  "  load.     There  are  in  most  dairies  other 


Fig.  342.— The  Pasteurizing  of  Milk. 

refrigerating  needs  in  the  same  plant:  for  example,  milk  holding  rooms, 
ice  making,  etc.  The  design  could  be  worked  out  so  as  to  carry  the  ice 
making  and  the  storage  room  by  one  machine  and  the  milk  cooling  by 
another.  Frequently,  however,  the  problem  works  out  nicely  by  the 
combination  with  a  brine  tank,  and  by  cooling  the  brine  down  to 
10  deg.  F.  or  lower  sufficient  refrigeration  is  stored  up  so  that  a  smaller 
compressor  can  be  used,  and  the  machine  may  be  operated  for  8  to 
12  or  more  hours  out  of  the  24.  Such  a  brine  storage  is  well  illustrate  i 
by  the  following  problem: 


Problem. — Find  the  refrigeration  required  to  cool  5000  gal.  of  milk  in  three  (3) 
hours  from  75  to  40  deg.  F.  by  the  use  of  brine.  Also  find  the  size  of  brine  storage 
required  to  enable  the  compressor  to  be  operated  for  ten  hours  with  the  pasteurizer 
in  use  three  (3j  hours  only.  Take  an  average  value  of  0.9  (Fig.  343)  for  the  specific 
heat  of  the  milk  and  the  specific  gravity  of  the  milk  at  1  .032  (Table  112). 
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The  refrigeration  required  is 

M  X  c  X  O2  -  <i)  =  5000  X  8i  X  1.032  X  35  X  0.9=  1,355,000  B.t.a. 
Adding  10  per  cent  for  losses  =      135,500  B.t.u. 


1,490,500  B.t.u. 
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FiG.  343.— The  Specific  Heat  of  Milk  and  Cream. 


TABLE  112 

Specific  Gravity  of  Milk  and  Cream  Corresponding  to  Various 
Percentages  of  Butter  Fat  at  68  Deg.  F. 


Per- 
centage 
of  Fat 

Specific 
Gravity 

Per- 
centage 
of  Fat 

Specific 
Gravity 

Per- 
centage 
of  Fat 

Specific 
Gravity 

Per- 
centage 
of  Fat 

Specific 
Gravity 

0.025 

1.037 

11 

1.024 

21 

1.012 

31 

1.003 

1 

1.036 

12 

1.022 

22 

1.011 

32 

1.002 

2 

1.035 

13 

1.020 

23 

1.010 

33 

1.001 

3 

1.034 

14 

1.019 

24 

1.009 

34 

1.000 

4 

1.032 

15 

1.018 

25 

1.008 

35 

.999 

5 

1.031 

16 

1.017 

26 

1.008 

36 

.999 

6 

1.030 

17 

1.016 

27 

1.007 

37 

.998 

7 

1.029 

18 

1.015 

28 

1.006 

38 

.997 

8 

1.027 

19 

1.014 

29 

1.005 

39 

.996 

9 

1.026 

20 

1.013 

30 

1.004 

40 

.995 

10 

1.025 
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Therefore  the  capacity  of  the  compressor  is  1,490,500  -4-  (10  X  12,000)  =12.4  tons. 
If  such  a  sized  compressor  was  in  use  the  brine  storage  would  have  to  carry  what  the 
machine  could  not  deliver  during  the  3  hours  that  the  milk  is  pasteurized  for 

1,490,500  -  (12.4  X  3  X  12,000)  =  1,044,000  B.t.u. 

If  brine  at  zero  degrees  is  carried  at  the  time  that  the  milk  cooling  began  and  it  was 
permitted  to  allow  the  brine  to  rise  to  20  degrees  then  the  average  specific  heat 
would  be  (for  calcium  chloride)  0.71  for  1 .2  specific  gravity,  and  the  volume  required 
would  be: 

Q  =  M  XcX  (ti  -  h) 

1,044,000  =M  X  0.71  X  (20  -  0). 

^/ lb.  of  brine  =  1,044,000  ^  14.2  =  73,500  1b. 

Volume  of  brine  =  73,500  -^  (62.5  X  1 .2)  =  980  cu.  ft. 

To  store  this  volume  of  brine  a  cylindrical  tank  11  ft.  0  in.  diameter  and  13  ft.  1  in. 
high  would  give  the  volume  required,  but  for  safety  one  11  ft.  diameter  by  14  ft. 
high  should  be  used. 


Outlet 


Outlet  to 
pasteurizer 

Vr— 


Outlet 


Milk  outlet  to 
bottle  filler 


ml 


0  \]')]}i'';]'fi 
)  r]!f).fj'tj;fj 


«'9 


Outlet  for  coW 
pasteurized  milk 

Fig.  344.— The  Baudalot  Milk 
Cooler. 


Fig.  345.— The  Double  Pipe  Pasteur- 
izer and  Cooler. 


The  ice  required  in  a  milk  plant  does  not  have  to  be  transparent, 
nor  does  it  have  to  be  any  particular  size  or  shape.  Sometimes  the 
brine  tank  can  be  utilized  to  manufacture  ice,  and  50  lb.  cans  will  freeze 
in  the  10  hours  of  operation,  but  the  additional  load  should  be  allowed 
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for,  using  the  ratio  of  about  200  B.t.u.  of  refrigeration  per  1  lb.  of  ice 
manufactured. 

TABLE  113. 


ICE  CREAM  MAKING 


Old  Method 


Cream,  Cond.  whole  milk,  Cond.  skim 
milk,  whole  milk,  sweet  butter,  skim 
milk  powder,  skim  milk,  watet 


Weighed  and  Tested 


_c: 


Stored  in  Cans  in  Cold  Room 


*No.  1      Clarified 


Sugar  and  Stabilizer  idded       Mix 
properly  proportioned  in  advance 


Heated  to  145°  by  hot  water  or 
steam  jacketed.  Held  30  min. 


Viscolized  at  2000* 

or  Homogenized  at  3000* 

I 


Cooled  over  tubular  cooler  or  in 
coil  vat  down  to  55^5° 


^1  Clarification  is  not  practiced  in 
many  plants.  Where  used  the 
Centrifugal  type  is  preferred 

*2  Small  plants  use  the  Emulsifier      *No. 
^(3  This  step  is  used  only  in  large 

plants  Small  plants  do  all  at 

freezers. 


Aged  in  cooled  aging  tanks  (30  -  45") 
to  gam  viscosity  and  acidity 


Tested  and  Standardized 


liflixed  in  tank  with  coloring 
flavoring,  nuts,  etc 


Measured  in  batch  measure 


(^rozen  in  brine  cooled  or  direct 
expansion  machine  to  25''-27'F 


Brick  Slabs  packed  in  Ice  and 
Salt,  Cut  and  wrapped. 


Bulk 


g  Hardened,  direct  expansion 

shelves:  Temp  about  neg  10°  F 


Shipped 


New  Method 


Cream,  whole  milk,  sweet  butter. 

skim  milk  powder,  skim  milk, 

water 


*No.  1        Clarified 


Stored  in  brine  cooled,  jacketed  tanks 
Pre-warmed  in  regenerative  cooler 


Heated  in  Hot  Wells  to  140°  by 
direct  steam  iniection 


Drawn  into  Vacuum  Pan.  24"  va( 
145°  temp  Reduced  to  proper 
proportion  of  fats  and  sohds 


Cooled  over  regenerative  cooler 
down  to  55-45° 


^4  Direct  Expansion  Freezers  are  not 
Common 


i^  5  Cold  blast  hardening  rooms  are 
popular  in  certain  sections  only 


Bricks  packed  directly  in 
cartons  by  machine 


The  additional  refrigeration  consists  of  the  storage  room  loads. 
When  the  milk  is  placed  in  the  cooler  it  can  be  chilled  somewhat,  but 
not  very  much  unless  the  room  is  heavily  piped  and  good  circulation  of 
the  air  is  possible.  The  main  desire  is  to  keep  the  commodity  at  approx- 
imately 40  degrees  until  the  time  arrives  for  loading  on  the  delivery 
wagons.    The  milk  bottles  are  placed  in  cans  usually  18|  in.  by  14^  in, 
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Weighin, 
tank 


<^J^ 


•"0   Scales 
1 


Drop  tank 

Temperature  of 
tnilk  supplied 


C)^ 


i;   Regenerative 


:Regenerativez3        cooler 
cooler 


To  wet  air  pump 


^ 


About  23 
\  vacuum 


0=^=^ 


Hot  wells  add 

sweet  butter, 

sugar  and  gelatine 


Vacuum  pan 

(All  off  flavors 
removed) 


45°  F^ 

To  storage  and 
aging  tanks 


For  milk 


Brine 
out 


Brine 


-  ,-_-_-_-_-_-_-~_1L^-^-L.-_- JH 


i:zz:^z.-z^^-^---^JZ 


-Jacketed 
glass  lined 
Brine 


Drop  tank 


Fig.  346. — The  Manufacture  of  Ice  Cream. 


Strainer. 


Fruit  funnel- 


Brine  coil 


Fig.  347. — The  Power  Driven  Ice  Cream  Freezer. 
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by  10  in.  high,  which  hold  12  qts.  or  20  pints.  The  weight  of  the  case  is 
about  14  lb.,  the  weight  of  12  one-quart  bottles  is  22  lb.,  and  the  weight 
of  the  milk  in  12  bottles  is  24  lb.,  making  a  total  of  about  60  lb.    The 


Fig.  348. — Sharp  Freezer  for  Ice  Cream. 

specific  heat  of  glass  is  0.2  and  of  yellow  pine  is  about  0.6.  The  glass 
milk  bottle  is  4  in.  diameter  by  9|  in.  high  for  quarts  and  3|  in.  diameter 
by  71  in.  high  for  pints.  These  last  constants  may  be  used  in  calculating 
the  storage  room  load. 


Weight  in  pounds  per  gallon  of  cream. 
Fig.  349.— Weight  of  Cream. 


Ice  Cream  Manufacture. — Although  the  process  of  the  manufacture 
of  ice  cream  is  somewhat  similar  to  that  of  ice  making,  yet  the  details 
are  much  more  complicated  and  numerous.    Table  1 13  shows  the  process, 
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and  Fig.  346  gives  an  idea  of  the  steps  in  preparing  the  mix  before  the 
freezing  process.  In  brief,  the  freezing  is  accomphshed  by  means  of 
power-driven  horizontal  freezers  only  (Fig.  347).  These  may  be  40  to 
100-qt.  capacity,  and  may  be  brine  cooled  with  brine  from  0  to  5  or 
10  deg.  F.,  or  by  means  of  direct  expansion,  using  pressures  from  15  to 
20  lb.  gage,  but  brine  is  much  more  easily  controlled.  The  mix  enters  the 
freezer  at  about  40  to  45  degrees  and  is  beaten  by  the  paddles,  absorbs 
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Fig.  350.— Total  Heat  of  Ice  Cream. 
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air,  and  during  the  freezing  process  at  29  to  27  deg.  F.  swells  (acquires 
an  overrun)  from  50  to  100  per  cent  (Fig.  352), depending  on  the  operating 
care  during  the  freezing.  The  time  of  freezing  is  from  10  to  15  minutes, 
and  when  removed  from  the  freezer  the  mix  has  a  consistency  of  a 
viscous  oil,  or  a  heavy  syrup,  and  is  packed  in  large  cylindrical  con- 
tainers of  2^  to  5  gal.  capacity,  after  which  they  are  placed  in  hardening 
rooms  at  0  to  —  10  degrees  for  the  rest  of  the  freezing  process.  The 
hardening   room    (Fig.    348)    is   usually   constructed   with   the   piping 
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arranged  as  shelving  in  the  proportion  of  1  ft.  of  Ij-in.  pipe  per  f  cu.  ft. 
of  room  space.  Still  air  is  usually  employed,  with  an  allowance  of  about 
150  to  400  cu.  ft.  per  100  gal.  ice  cream  capacity,  and  a  corresponding 
floor  area  of  15  to  35  sq.  ft.  The  time  of  storage  is  usually  from  U  to 
3  days. 


Brine  pump 
Details  of  Ripener  Piping  Brine  Circulation  System 

Fig.  351. — Brine  Circulation  in  a  Creamery. 


The  refrigeration  required  cannot  be  more  than  an  approximation 
as  ice  cream  is  more  like  a  frozen  custard  or  pudding  than  anything  else, 
and  in  consequence  the  ingredients  vary  greatly.  It  has  been  the  custom 
to  assume  that  the  total  amount  of  heat  absorbed  by  the  brine  during 
the  freezing  process  took  place  at  constant  temperature  in  the  freezer. 


Temp.,  in  degrees  F. 
Time,  in  minutes 


Fig.  352.— The  Swell  of  Ice  Cream, 


but  according  to  H.  F.  Zoller*  careful  tests  indicate  that  for  a  standard 
vanilla  ice  cream  of  10  per  cent  milk  fat,  14  per  cent  cane  sugar,  10|  per 
cent  milk  soHds  not  fat,  and  0.5  per  cent  gelatine  the  total  heat  curve 
is  as  shown  in  Fig.  350.    Here,  freezing  of  the  water  content  starts  at 

*  H.  F.  Zoller,  A.  S.  R.  E.,  1924,  Freezing  and  Hardening  of  Ice  Cream. 
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27  degrees  and  continues  down  to  —  20  degrees.    The  heat  removed  per 
pound  of  the  mix  by  the  brine  or  the  ammonia  in  cooUng  from  one 

Spray  ponef 


d5 


^ £S £5"         C±±)  ^D  ^Zl^ 

Fig.  353. — Ice  Cream  Manufacture. 


temperature  to   another  is  found   by   subtracting  the  values  of  the 
ordinates  of  these  points.    For  example,  if  the  mix  enters  the  freezer  at 
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Fig.  354. — Ice  Cream  Manufacture. 


50  degrees  and  leaves  at  21  degrees,  the  heat  absorbed  by  the  refrigerant 
is    80  —  16  =  64    B.t.u.  per    lb.     If    the    half-frozen    cream    is    now 
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placed  in  the  sharp  freezer  and  is  lowered  to  0  degrees,  then  the  heat 
removed  in  the  hardening  room  is  130  —  80  =  50  B.t.u.  per  lb. 

Problem. — 1000  eal.  of  ice  cream  is  to  be  manufactured  per  day.  The  swell 
will  be  assumed  to  be  60  per  cent.  The  mix  enters  the  freezers  at  40  degrees  and  the 
ice  cream  is  kept  stored  in  a  hardening  room  kept  at  0  deg.  F. 

If  1000  gal.  is  the  amount  of  the  finished  product,  then  the  amount  of  the  mix 
is  1000  -=-1.6  =  625  gals.  If  the  specific  gravity  of  the  mix  can  be  taken  as  1 .  10, 
then  the  weight  per  gallon  would  be  5 . 7  +  lb.  (of  the  product)  and  the  total  weight 
would  be  1000  X  5.72  =  5720  lb.     The  refrigeration  required  of  the  brine  in  the 


=<: 


R.R. 


I  =T- 


-I        I I        E 


I  -I       I- 


Truck  Space 


Repairs 


»"'■•  p 


1=1       I 


Women 


Can  Storage 


m 

Elevaton 


o  o 

Can  washer 


o  o  o 

Ice  Storage 


Can  conveyor 


=o= 


Lock 


ODDaODDDSi 

Freezef  Room 


Carton 
Dept. 


Brick  making  mach. 

Illlllllllll      f  lit; 


o  o 

Bulk  Hardening 


Bulk  &  brick  conveyor 


Brick 
Hard 


T  ^  I- 


FiG.  355. — Ice  Cream  Manufacture. 


freezers,  if  the  mix  enters  the  freezers  at  40  deg.  F.,  would  be  (80  -  24)  X  5720  = 
320,300  B.t.u.  The  brine  for  the  purpose  would  be  at  from  0  deg.  to  10  deg.  F. 
Adding  10  per  cent  for  leakage  and  other  losses  gives  a  total  of  352,300  B.t.u.  of 
refrigeration  required  of  the  freezers  per  8  hours.  The  refrigerating  work  in  the 
hardening  room  would  be  (130  -  80)  X  5720  =  286,000  B.t.u.,.  or  314,600  B.t.u. 
with  the  same  allowance  for  losses.  If  the  cream  is  packed  in  2^  and  5-gal.  cylindrical 
containers,  these  measure  9  in.  diameter  by  13  in.  high  and  weigh  II5  lb.  for  the 
smaller  and  9  in.  diameter  by  23  in.  high  and  weigh  19  lb.  for  the  larger.  A  hardening 
room  of  about  the  dimensions  shown  in  Fig.  346  would  need  to  be  10  ft.  deep  for  this 
amount  of  cream,  and  the  dimensions  of  the  room  would  be  11  ft.  2?  in.  X  10  X 
9  ft.  6  in.  high  inside.    With  8-in.  corkboard  all  around  and  90  degrees  outside  tern- 
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Fig.  357. — Ice  Cream  Manufacture. 
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perature  of  the  air  and  —  10  degrees  inside,  the  heat  leakage  is,  without  allowing  for 
the  insulating  value  of  the  floor: 


U 


1  1         JJ)_ 

1.4       1.4       0.296 


=  0.0352. 


Therefore, 


Q  =  622.9  X  0.0352  X  [90  -  (-  10)J  =  2200  B.t.u.  per  hour. 


Such  an  excessive  temperature  difference  would  not  be  found  during  the  night  time 
except  under  very  unusual  conditions.  Frequently  the  insulation  will  hold  the 
hardening  room  during  the  night  time  without  more  than  3  to  5  degrees  rise  of 
temperature. 

Figure  351  gives  some  details  of  brine  circulation  in  the  creamery, 
and  Figs.  353  to  357  give  the  general  arrangement  in  a  well-designed  ice 
cream  factory.  The  latter  has  been  designed  with  provision  for  expan- 
sion as  well  as  an  economical  routing  of  the  material  and  finished 
products. 

TABLE  114 

Vanilla  Ice  Cream,  Over  Run  100  Per  Cent 

(Initial  Temperature  of  Mix  70  deg.  F.) 


After 

After 

After 

Befofe 

Whipping 

2  Days  in 

7  Days  in 

Whipping 

Refrigeration 

Hardening 

Hardening 

Shut  Off 

Room 

Room 

Amount  of  water  frozen 

into  ice  (per  cent) 

40.0 

20.0 

65,0 

94.0 

B.t.u.  of  refrigeration  per 

lb.    of    ice    cream    ab- 

sorbed    by     the     mix 

(total) 

92.0 

78.0 

138.0 

CHAPTER  XVII 
HOTEL  AND  APARTMENT  REFRIGERATION 

Mechanical  refrigeration  is  now  a  necessity  in  the  modern  hotel  to 
the  same  extent  that  the  ice  cooled  box  was  a  few  years  ago.  The  larger 
hotel  or  club  has  a  large  number  of  special  boxes  requiring  refrigeration 
(Table  115),  located  convenient  to  the  workroom  or  where  service  or 
storage  is  required.  These  boxes  may  be  quite  small,  or  of  fair  size, 
depending  on  the  kind  of  box.  In  addition,  some  hotels  make  their 
own  ice,  calculated  from  the  ratio  of  1.6  to  2  tons  of  refrigeration  per 
ton  of  ice  making,  their  own  ice  cream  and  cool  the  drinking  water  sup- 
plied to  the  rooms  and  dining  rooms.  The  refrigerating  load  is  somewhat 
indefinite  even  after  the  details  of  the  cold  storage  boxes  and  other 
details  are  known,  but  an  estimate  can  be  made  with  some  degree  of  pre- 
cision. For  example,  the  refrigeration  for  the  small  boxes  can  be  esti- 
mated on  the  Hberal  basis  of  5.0  B.t.u.  per  sq.  ft.  per  degree  difference 
of  temperature  per  24  hours  for  the  heat  leakage,  with  50  per  cent  added 
for  the  opening  of  doors,  whereas  the  larger  boxes  may  have  a  loss  due 
to  leakage  of  only  2.0  B.t.u.  and  the  large  cold  storage  boxes  only  1.0 
B.t.u.  per  sq.  ft.  per  degree  difference  of  temperature  per  24  hours. 
These  are  considered  to  be  very  liberal  values,  in  order  to  take  into 
account  the  possible  poor  insulation  and  the  probable  poor  maintenance 
of  good  conditions.  As  a  rule  the  piping  is  large  by  about  25  per  cent 
or  more,  and  less  piping  will  be  found  to  work  satisfactorily.  For  small 
boxes  up  to  500  cu.  ft.  capacity  it  is  usual  to  use  1-in.  pipe,  and  from 
500  to  2000  cu.  ft.  If-in.  pipe  is  usual. 

As  an  example  of  the  use  of  the  table  and  the  chart  for  the  require- 
ments for  hotel  refrigeration  as  applied  to  refrigerator  boxes  the  pantry 
box  will  be  taken.  This  is  marked  B  36,  which  refers  to  a  box  in  frequent 
use  to  be  maintained  at  a  temperature  of  36  deg.  F.  The  piping  ratio  of 
one  such  of  500  cu.  ft.  capacity  (Fig.  285)  is  given  as  1.5  cu.  ft.  per  1 
lin.  ft.  of  1-in.  brine  pipe,  or  334  ft.  of  pipe  will  be  required.  If  the 
outside  temperature  is  taken  as  80  deg.  F.  and  the  outside  area  of  the 
box  is  390  sq.  ft.,  taking  a  value  of  2 . 5  for  the  coefficient  of  heat  transfer 
of  the  walls  of  the  box,  then  the  leakage  will  be 

Q  =  390  X  2.5  X  (80  -  36)  =  42,900  B.t.u.  per  24  hours, 
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to  which  will  be  added  50  per  cent,  or  21,450  B.t.u.,  per  24  hours  for  the 
live  load,  and  the  total  will  be  64,350  B.t.u.,  or  0.223  tons.  The  amount 
of  piping  taken  from  the  chart,  334  lin.  ft.  of  1-in.  pipe,  will  give  a  heat 
transfer  of 


^34 
2.90 


X  2.0  X  24  X  (36-20)  =88  ,450  B.t.u.  per  24  hours, 

=  0.307  ton. 

TABLE  115 
Hotel  and  Restaurant  Boxes 


Baker  Shop: 
Ice  cream. 
Pantry . .  . 
Pastry.  .  . 


Cafe  and  Restaurant: 

Lunch  box 

Pantry 

Refrigerating  box: 

Nurses,  officers, 

private 


Kitchen: 

Corned  beef 

Pastry  counter.  .  .  . 

Dried  fish 

Fresh  fish 

Freezer 

Garde  manger 

Meat-cooler 

Meat  cut 

Order  box  chef. .  .  . 

Oysters,  five 

Oysters,  in  tubs .  .  . 

Pantry 

Poultry  and  Game. 


Rating 

Temper- 
ature 

A 

28 

B 

36  to  38 

B 

36 

B 

38 

B 

36 

B 

38 

C 

36 

B 

36 

C 

36 

A 

25  to  30 

A 

15  to  18 

B 

36  to  38 

C 

38 

B 

35 

B 

36 

C 

43  to  45 

B 

36 

B 

36 

A 

28 

Kitchen  (Con.): 

Serving  box 

Serving  pantry 

Terrapin  kitchen 

Vegetables 

Sundries 

Pickle  box 

Salad  (serving  pantry) 

In  Storage  Room; 

Butter,  small 

Cheese,  serving  box . . 

Cigars 

Cream 

Eggs,  serving  box.  .  . . 

Fruit 

Milk 

Pantry 

Receiving  room 

Storage  box 

Storage  box 

Sundries: 

Carafe 

Ice  storage 

Swill 


Rating 


Temper- 
ature 


36 
36 
38 
38-40 
36 
38 
36 


36 
36 
36 
36 
31 
38 
36 
38 
36 
36 
36 


28 
26 
36 


Taking  the  curves  for  the  cubic  feet  of  room  space  per  ton  of  refrig- 
eration (Fig.  285),  the  value  given  for  a  500-cu.  ft.  capacity  box,  and 
36  deg.  F.,  is  1400  cu.  ft.  per  ton  of  refrigeration,  the  tonnage  becomes 
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=  0.36.  This  value,  0.36  ton,  is  larger  than  either  of  the  calcu- 
lated values  of  tonnage  in  the  preceding  paragraph,  and  it  indicates  that 
the  tables  and  curves  are  calculated  liberally  and  are  conservative,  so  as 
to  allow  for  all  commercial  factors  of  construction  and  operation.  It  is 
usually  agreed  that  direct  expansion  piping  is  likely  to  give  less  heat 
transfer  than  brine  piping  will,  because  the  ammonia  (or  carbon  dioxide) 
in  evaporating  partly  fills  the  inside  of  the  pipe  with  gas,  thereby  making 
the  surface  inefficient  for  heat  transfer. 

The  total  requirements  for  hotel  refrigeration  can  be  obtained  only 
by  a  careful  computation  of  the  separate  cold  storage  boxes  and  their 
operating  conditions  and  all  the  other  uses  of  refrigeration.  Proper 
allowance  must  be  made  for  pipe  line  and  other  losses. 

Apartment  Refrigeration. — All  modern  apartments  of  any  size  are 
provided  with  mechanical  refrigeration,  and  this  is  almost  alwaj^s  by 
means  of  brine  rather  than  by  direct  expansion  because  of  better  control 
and  because  of  the  greater  danger  from  ammonia  were  that  to  be  used. 
It  should  be  noted,  however,  that  carbon  dioxide  has  been  popular  in 
this  application  because  of  the  lack  of  danger  should  it  happen  that  a 
heavy  leak  should  occur.  The  usual  dimensions  for  apartment  boxes 
vary  from  18  in.  by  20  in.  by  30  in.  to  22  in.  by  44  in.  by  60  in.,  with 
6  cu.  ft.  and  30  cu.  ft.  displacement  respectively,  but  the  average  dis- 
placement is  15  cu.  ft.,  corresponding  to  a  box  18  in.  by  30  in.  by  48  in. 
The  external  area  of  these  boxes  varies  from  20  to  65,  with  an  average 
of  about  40  sq.  ft. 

The  Refrigeration  Required. — In  calculating  the  total  refrigeration 
required  some  idea  of  the  details  of  the  installation  is  necessary.  Without 
question  a  better  grade  of  refrigerator  now  is  used,  i.e.,  one  constructed 
with  1  in.  to  2  in.  corkboard.  Such  tests  as  are  available  indicate  a 
leakage  loss  through  the  construction  of  from  0.15  to  0.18,  with  the 
2-in.  and  the  1-in.  corkboard  boxes  respectively,  B.t.u.  per  sq.  ft. 
per  degree  difference  per  hour.  The  cooling  surfaces  installed  must 
overcome  the  heat  leakages  and  the  live  load  due  to  the  opening  of  the 
doors  and  the  insertion  of  the  hot  and  warm  commodities.  Such  sur- 
faces are  calculated  on  the  basis  of  1 .7  B.t.u.  as  the  value  of  /v.  If  pipe 
coils  are  used,  the  f-in.  pipe  is  the  more  usual,  but  cast  iron  sections  or 
cast  iron  "  brine  boxes  "  are  becoming  popular,  as  well  as  welded  boxes 
made  up  of  sheet  iron.  Most  of  these  brine  boxes  (snow  mounds)  are 
designed  to  hold  small  ice  cube  pans  so  as  to  make  small  amounts  of  ice 
(Fig.  358).  The  brine  temperature  carried  is  usually  15  deg.  F.  when 
ice  is  made,  and  from  20  to  25  degrees  in  other  cases.  The  temperature 
in  the  box  is  usually,  when  brine  refrigerated,  kept  at  about  40  degrees. 
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Piping. — The   brine   piping  for  apartment   refrigeration  is  usually 
arranged  as  shown  in  Figs.  361,  109  and  362,  so  as  to  be  balanced.    The 


Typical  Snowmound  Connections 


Typical  Apartment  Riser 
Fig.  358. — Typical  Apartment  Piping. 


shell  and  coil,  the  shell  and  tube  and  the  double  pipe  brine  cooler  may 
be  used,  with  or  without  brine  storage  tanks.  If  no  storage  tank  is 
used  it  is  necessary  to  operate  the  compressor  whenever  refrigeration  is 


PIPING 
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required  as  the  amount  of  the  brine  in  the  system  is  small.  The  double- 
riser  system  allows  brine  of  practically  the  same  temperature  to  enter 
each  box,  and  the  system  is  not  limited  to  any  maximum  number  of 
boxes  per  riser,  but  the  first  cost  is  much  greater  because  of  this  greater 
amount  of  piping.    The  single  riser  is  popular,  especially  in  apartments, 
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Fig.  359. — Tj^pical  Hanger  and  Details. 


as  about  half  the  amount  of  piping  and  pipe  covering  is  used,  and  one- 
half  of  the  cost  of  erection,  space  occupied  and  the  amount  of  joints 
with  their  possible  leaks  will  occur.  But  with  the  single-pipe  system 
(Fig.  362)  all  the  brine  is  required  to  pass  through  each  box,  unless  it 
is  by-passed,  and  the  last  box  receives  the  highest  temperature  brine. 
The  single  riser  is  usually  limited  to  12  to  14  boxes  per  riser.  A  brine 
velocity  of  not  more  than  5  ft.  per  second  should  be  used,  and  not  more 
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Corridor  Plan 


o3 
< 


Refrig.  below  drain  board  _.  floor  line 

Elevation 


PIPING 
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than  3.0  deg.  F.  rise  of  temperature  of  the  brine  should  be  permitted 
during  the  circuit  through  the  boxes. 

The  pumping  head  varies  with  each  installation.  With  the  balanced 
tank  design  the  head  is  due  to  the  friction  head  and  the  velocity  head 
only.  This  may  be  calculated  as  in  the  problem  on  brine  piping,  Chapter 
VIII.     Allowance  for  the  fittings  should  always  be  made  in  calculating 


^^E 
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covering  at  all  points 


Collecttng  pipe  to  balancing  tank-- 


Globe  valve 


Dram  plug 


Horizontal  main  brine  feed 
on  basement  ceiling 


Main  brine  feed  from  pump/ 


Fig.  361.— Apartment  Piping. 


the  total  head  on  the  pump.  The  pressure  on  the  brine  tank  or  the 
piping  at  the  pump  is  the  "  total  head  "  plus  the  static  head  due  to  the 
elevation  of  the  balance  tank  above  the  pump.  Figures  350  to  361  give 
typical  piping  arrangements  and  typical  apartment  arrangment  of  boxes. 
The  Drinking  Water  System. — Factories  and  particularly  office 
buildings  and  hotels  are  making  use  of  the  mechanically  cooled  drinking 
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Fig.  362.— Brine  Piping. 
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water  system,  as  the  use  of  the  ice  cooler  is  neither  convenient,  econom- 
ical, nor  hygienic.     With  drinking  water  systems  the  water  may  be 
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Fig.  363. — Drinking  Water  System. 


filtered,  is  cooled  to  the  desired  temperature  and,  in  particular,  may  be 
designed  with  convenient  fountains  for  the  use  of  the  workmen  or  the 
office  force  in  the  different  parts  of  the  factory  or  office. 
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Such  a  refrigerating 'system  consists  of  a  water-cooling  tank  of  one 
design  or  another,  the  refrigerating  unit,  a  circulating  pump  to  keep 
the  water  in  constant  circulation  throughout  the  system,  a  balance  tank 
and,  finally,  a  make-up  valve  and  float  so  as  to  replenish  the  water 


Balance  tank 


K 160' -J  f 

Fig.  364. — Problem  in  Drinking  Water  Systems. 


supply  as  fast  as  it  is  used,  sometimes  in  connection  with  the  balance 
tank.    Figure  363  shows  a  typical  installation. 

The  water  circuit  must  be  complete  at  all  times.     By  this  is  meant 
that  from  four  to  five  times  the  water  consumed,  and  wasted,  must  be 


THE   DRINKING   WATER   SYSTEM 


577 


1  Fern,  pipe  thrd. 

V.|fM  y|,g(gf    jp|g{ 


-o ^ 


circulated  in  the  pipes.  This  circulating  water  is  required  so  as  to 
have  a  positive  pressure  always  at  the  outlets  of  all  the  fountains,  and 
also  so  as  to  absorb  and  carry  away  the  heat  leakage  through  the  pipe 
insulation.  As  the  water  temperature  may  be  assumed  to  be  50  deg.  F., 
and  the  outside  air  temperature  95  degrees,  the 
heat  leakage  develops  into  large  proportions  at 
times. 

The  function  of  the  refrigerating  machine  then 
is  to  cool  the  make-up  water  to,  say,  50  degrees 
and  to  overcome  the  effect  of  heat  leakage.  The 
latter  naturally  depends  on  the  kind  of  insulation 
used  and  the  length  and  the  size  of  the  pipe  in 
the  water  circuit.  It  has  been  found  advantageous 
to  use  f  and  1-in.  full  weight  pipe  for  the  circuits  as 
a  rule,  and  to  limit  the  circuits  to  2000  ft.,  although 
5000  ft.  circuits  have  been  successful.  Too  long  a 
water  circuit  will  represent  an  excessive  pumping 
cost,  and  in  addition  to  the  increased  power  this 
work  of  pumping  invariably  will  degenerate  into 
a  heating  effect  which  in  turn  will  have  to  be  cor- 
rected by  refrigeration  at  the  rate  of  ^  ton  refrig- 
eration per  one  horse  power  of  the  circulating 
pump.  For  the  same  reason  the  velocity  of  the 
water  in  the  pipe  should  be  limited  to  not  more 
than  200  ft.  per  minute. 

The  amount  of  water  used  and  wasted  is  a  diffi- 
cult variable  to  account  for.  It  naturally  is  depend- 
ent on  the  severity  of  the  labor  of  the  workmen. 
Hotels  and  office  buildings  having  an  outlet  in  each 
room  should  be  designed  on  the  basis  of  07ic  gallon 
per  person  per  day.  Figure  368  shows  the  amount 
of  water  consumed  in  one  of  the  St.  Louis  hotels. 
This  plant  was  laid  out  to  take  care  of  a  demand  of  1000  gal.  per  hour 
or  1 . 5  gal  per  faucet  per  hour.  In  all  likelihood  one-sixth  of  this  amount 
would  have  been  sufficient,  or  on  the  basis  of  j  gal.  per  faucet  per  hour. 
So  it  would  seem  that  the  rule  of  one  gallon  per  person  per  day  of  eight 
hours  is  very  liberal,  although  it  will  always  be  safe.  Stores  and  office 
buildings  providing  outlets  in  isolated  places  in  aisles  or  corridors  may 
have  these  in  use  continuously,  and  they  should  be  figured  on  the  basis 
of  a  half  pint  per  minute  per  fountain.  In  factories  it  is  good  practice  to 
use  one-half  gallon  per  person  per  hour,  and  in  offices  one-quarter  gallon 
per  person  per  hour.    These  figures  are  much  higher  than  those  used  in 


4  Fern,  pipe  thrd 
water  outlet 

Fig.  365.— Drinking 
Water  Cooler. 
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the  Federal  Buildings/  which  are  designed  with  the  uniform  rule  of 
one  pint  of  water  per  person  per  hour  irrespective  of  the  kind  of  service 
the  building  may  be  called  upon  for. 

The  number  of  fountains  are  also  variable,  depending  as  this  does  on 
the  kind  of  installation.     The  attempt  is  made  in  their  location  to 


Ij'Pipe  flange  at  bottom  of  tank 

l^Pipe  coupling  welded  to  tank 

Tank,  One  Req'd.  Galvanized  Material 

Throughout  to  be  Water  Tight. 

Tested  to  100*Pressure 


U- 2'-6fDia. -J 

h 2'-ll"Dia. >| 

Section  A- A 


Fig.  366. — Drinking  Water  Cooled  by  Means  of  Carbon  Dioxide. 


occasion  as  little  difficulty  as  possible  for  each  workman,  and  to  work  on 
the  assumption  that  the  first  cost  of  extra  fountains  is  preferable  to  the 
cost  of  the  lost  time  of  the  workman  in  walking  to  a  distant  fountain. 
In  consequence,  good  practice  will  allow  one  fountain  per  100  operators 

1  Nelson  S.  Thompson,  Supervising  Architects  Office,  Treasury  Department. 
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Fig.  367— Hotel  Ref'  «on,  using  Carbon  Dioxide. 
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or  per  50  workmen,  depending  on  the  details  of  the  job  and  the  conges- 
tion of  the  shop  or  office. 

The  kind  of  insulation  used  is  also  very  important  from  the  view- 
point of  the  heat  leakage,  and  Table  116  can  be  used  advantageously  for 
ice  water  conditions,  the  corkboard  and  the  lithboard  being  1^  in.  thick 
and  the  hair  felt  being  erected  in  two  layers.  The  heat  transfer  values  are 
for  one  foot  of  length  per  one  degree  difference  in  temperature  per  liour. 

TABLE  116 

Coefficient  of  Heat  Transfer,  per  Linear  Foot 


Union 
Lith 

Hair  Felt 
(Two  Layers) 

Corkboard 

^-in.  pipe 

0.157 

0.086 

0.160 

f-in.  pipe 

0.170 

0.095 

0.167 

1  -in.  pipe 

0.180 

0.107 

0.178 

li-in-  pipe 

0.213 

0.124 

0,199 

l|-in.  pipe 

0.217 

0.132 

0.220 

2  -in.  pipe 

0.269 

0.149 

0.245 

22-in.  pipe 

0.272 

0.167 

0.291 

3  -in.  pipe 

0.294 

0.192 

0.304 

3|-in.  pipe 

0.355 

0.211 

0.330 

4  -in.  pipe 

0.367 

0.228 

0.345 

4|-in.  pipe 

0.376 

0.247 

0.385 

5  -in.  pipe 

0.466 

0.268 

0.410 

6  -in.  pipe 

0.558 

0.307 

0.437 

Problem. — The  following  problem  illustrates  the  manner  of  calculation  of  the 
size  of  a  drinking  water  system.  An  office  building  160  by  SO  ft.  and  10  stories  high 
is  to  have  a  drinking  water  system  with  the  water  to  be  delivered  at  a  temperature 
of  50  deg.  F.  The  floors  are  13  ft.  high,  the  make-up  water  is  at  a  temperature  of 
80  degrees  and  3 . 0  gal.  are  to  be  provided  per  person  per  day  of  8  hours. 

The  floor  area  is  12,800  sq.  ft.  and,  with  an  allowance  of  one  person  per  70  sq.  ft.^ 

12,800 
of  floor  area,  there  will  be  — ;;: —  =  183  persons  per  floor.     Using  one  fountain  per 

50  persons  there  will  be  required  4  fountains  per  floor  and  40  fountains  in  all.  The 
piping  will  be  arranged  as  shown  in  the  figure,  which  has  four  circuits  in  parallel. 
Assume  that  the  risers  will  be  of  \-m.  pipe  using  225  ft.  of  \-m.  pipe,  80  ft.  of  |-in. 
pipe,  and  220  ft.  of  1-in.  pipe  in  each  of  the  circuits,  except  that  the  1-in.  pipe  is  the 
common  return.  The  heat  absorbed  using  an  average  temperature  of  the  water  of 
47.5  degrees,  95  degrees  outside  temperature,  and  corkboard  covering,  is  as  follows: 

*The  lactory  aflows  one  person  per  100  sq.  ft. 
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l-in.  line.        Q  =  225  X  0.160  X  (95  -  47.5)  =  1710  B.t.u.  per  hour  (per  riser) 

=  6840  B.t.u.  per  hour. 

i-in.  line.        Q  =  160  X  0.167  X  (95  -  47.5)  =  1270  B.t.u. 

\-in.  line.        Q  =  220  X  0.178  X  (95  -  47.5)  =  1860  B.t.u. 

Total    =  9970  B.t.u.  per  hour. 

The  amount  of  water  required  to  absorb  this  heat,  assuming  a  rise  of  temperature  of 

the  water  of  45  degrees, 

9970 

=  2216  lb.  per  hour 

4.5 

=  4.43  gal.  per  min.  total 

=  1.11  gal.  per  min.  per  circuit. 

Make-up  water.  3.0  X  10  X  183  =  5490  gal.  per  8  hr. 

=  686  gal.  per  hr.  =  11.45  gal.  per  min. 
=  2.86  gal.  per  min.  per  riser. 

Total  water  required,  neglecting  the  effect  of  friction  heating  =  15.88  gal.  per  min- 

Refrigeraiion  required. 

8.33  X  60  X  11.45  X  (80  -  45)  +  9970  =  210,400  B.t.u.  =  17.6  tons. 

The  friction  developed  in  the  water  circuit  is  (Fig.  ISO): 

^-in.  line  (3.97  gal.  per  min.)  =  2.6  in.  of  water  per  ft. 
f-in.  line  (7.94  gal.  per  min.)  =  2.3  in.  of  water  per  ft. 
1-in.  line  (15.88  gal.  per  min.)  =  2.3  in.  of  water  per  ft, 

Total  friction  =  (2.6  X  225)  +  (2.3  X  80)  +  (2.3  X  220)  =  1275  in.  of  water 

=  46.0  lb.  per  sq.  in. 
The  heating  effect  of  the  friction  head  is 

15.88  X  8.33  X  46.0  X  2.31  =  14,050  ft.-lb.  per  min. 

14,050 

X  42.4  =  18.1  B.t.u.  per  min. 

83,000  ^ 

The  size  of  the  motor  will  be  0.425  -r-  0.5  =  0.850  =  1.00  hp. 

Figure  365  gives  details  of  a  small  water  cooler  and  Fig.  366  gives 
the  construction  of  a  typical  water  cooler  using  carbon  dioxide  as  a 
refrigerant.  The  carbon  dioxide  under  these  circumstances  is  always 
placed  in  the  pipes.  Figure  367  gives  a  representative  layout  for  carbonic 
refrigeration  in  a  hotel.  Figure  368  shows  graphically  the  demand  on  a 
drinking  water  system  in  the  Statler  Hotel,  St.  Louis,  for  a  single  day 
and  for  a  five-day  period.  This  system  was  designed  for  a  maximum 
demand  of  1000  gal.  per  hour. 
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Fig.  36S. — Load  Curve  for  Hotel  Drinking  Water. 


TABLE  117 

Piping  Ratio  for  Small  Refrigerators — Number  of  Cubic  Feet  op 
Space  Cooled  by  One  Running  Foot  of  Brine  Coil 


For  Refri 

geration 

For  Refn 

geration 

For  Refrigeration 

For  Refrigeration 

up  to  200 

up  to  500 

up  to  1000 

up  to  2000 

Cubic 

Feet 

Cubic 

Feet 

Cubic  Feet 

Cubic  Feet 

Temper- 
ature, 
degrees  F. 

Cubic 
feet 

Temper- 
ature, 
degrees  F. 

Cubic 
feet 

Temper- 
ature, 
degrees  F. 

Cul)ic 
feet 

Temper- 
ature, 
degrees  F. 

Cubic 
feet 

40 

3.0 

40 

4.0 

40 

S.O 

40 

10.0 

36 

2.0 

36 

3.0 

36 

6.25 

36 

8.0 

32 

1.75 

32 

2.5 

32 

5.0 

32 

6.5 

20 

1.25 

20 

1.75 

20 

3.75 

20 

5.25 

10 

.7 

10 

1.25 

10 

2.50 

10 

4.0 

5 

.5 

5 

.75 

5 

1.25 

5 

2.25 

0 

.25 

0 

.35 

0 

.625 

0 

1.25 

Sizes  of  Brine  Mains  for  Small  Refrigerators 

^-in.  Feed  and  return  for  Ij-in.  Coils  up  to    200  lineal  feet. 

f-in.  Feed  and  return  for  Ij-in.  Coils  up  to  400  lineal  feet. 
1  -in.  Feed  and  return  for  Ij-in.  Coils  up  to  800  lineal  feet. 
Ij-in.  Feed  and  return  for  Ij-in.  Coils  up  to  1500  lineal  feet. 


CHAPTER  XVIII 
REFRIGERATION  IN  THE  CHEMICAL  INDUSTRIES 

There  is  no  question  but  that  mechanical  refrigeration  will  play  an 
increasingly  important  part  in  the  development  of  processes  in  the 
chemical  industry.  Mechanical  cooling  may  be  used  to  hasten  the 
process,  but  at  times  it  is  absolutely  necessary  not  only  to  condition  the 
air  or  to  secure  moderately  cold  temperatures,  but  to  obtain  very  low 
temperatures.  As  a  rule  the  actual  cooling  problem  is  relatively  simple, 
as  it  is  usually  simply  the  cooling  of  a  liquid,  or  the  cooling  and  freezing 
of  a  liquid,  and  the  constants  involved  in  the  calculation  of  this  process 
can  be  secured  only  by  experiment.  A  large  number  of  the  chemical 
processes  are  secret,  but  a  few  of  the  more  generally  known  applications 
will  be  given  in  this  chapter  with  the  understanding  that  other  processes 
are  similar  in  their  method  of  solution. 

Low  Temperatures. — In  America  low  temperatures  have  been 
secured  by  the  use,  first,  of  the  absorption  machine  and,  more  lately,  by 
the  use  of  the  stage  compressor.  The  Eastman  Kodak  Company, 
which  uses  in  their  process  work  a  —  20  deg.  F.  brine,  has  three  700-ton 
two-stage  ammonia  compressors.  In  Great  Britain  low  temperature 
refrigeration  has  been  obtained  by  means  of  the  carbonic  compressor 
which  has  been  developed  to  a  much  higher  degree  than  it  has  in  the 
United  States.  For  —  60  deg.  F.  refrigeration  the  two-stage  carbonic 
compressor,  built  by  the  Liverpool  Refrigerating  Company,  has  had 
outstanding  success.  The  pressure  in  the  evaporator  for  —  60  deg.  F. 
is  about  100  lb.  per  sq.  in.  with  carbon  dioxide,  whereas  with  ammonia 
it  would  be  only  5.5  lb.  absolute. 

Cooling  Corrosive  Substances. — Corrosive  substances  can  be  cooled 
best  by  the  use  of  brine.  This  brine  piping  can  be  designed  for  slight 
unit  pressures  and  the  piping  can  be  made  of  lead,  porcelain  covered, 
or  even  of  glass. 

Removal  of  Salts  from  Solution. — Certain  salts  may  be  extracted 
best  by  means  of  crystalhzation  and  precipitation  incidental  to  a  lowering 
of  the  temperature.  For  example,  a  saturated  solution  of  sodium  nitrate, 
NaNOs,  at  90  deg.  C,  will  hold  in  solution  162  grams  of  salt  in  100  cc. 
of  water  but  at  20  deg.  C,  the  amount  will  be  reduced  to  85  grams  and 
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the  difference  (77  grams)  must  be  precipitated  out  of  solution.  The 
following  problem  is  a  good  example  of  this  sort  of  application  of 
refrigeration. 

Problem. — 10,000  lb.  of  water  saturated  with  potassium  chlorate,  KCIO3,  is  to 
be  cooled  from  68  deg:.  F.  to  14  deg.  F.  per  hour.  Find  the  refrigeration  and  the 
piping  required  for  the  heat  transfer. 

One  arrangement  of  the  apparatus  required  is  showm  in  (Fig.  369).  This 
apparatus  consists  of  two  cylindrical  tanks  with  conical  bottoms,  the  latter  fitted 
with  cocks  of  ample  size  for  quick  operation.  Referring  to  the  figure  it  will  be 
seen  that  the  strong  solution  enters  the  left-hand  tank  at  68  deg.  F.  and  passes 
downward,  being  cooled  on  the  way,  with  precipitation  of  some  potassium  chlorate 


Strong 
solution 
in  «=^ 
68°  F 


Brine  out 
+  20°  F 


Brine  in 
+  5°F 


1st.  tank  2nd.  tank 

Fig.  369. — Removal  of  Salts  from  Solution. 


crystals,  and  finally  passes  over  into  the  right-hand  tank  by  means  of  the  difference 
in  liquid  level  or  by  means  of  a  pump.  In  the  second  tank  is  arranged  a  helical  coil 
for  brine  cooling,  the  brine  entering  at  5  deg.  and  leaving  at  20  deg.  F.  The  solution 
is  thereby  lowered  in  temperature  to  14  degrees  and  leaves  the  tank  at  this  temper- 
ature to  be  pumped  through  a  helical  coil  in  the  first  tank  where  it  leaves  at  60  deg.  F. 
The  first  tank  (the  one  on  the  left)  is  therefore  simply  a  heat  exchanger,  intended 
to  give  economy  of  action  by  the  utilization  of  all  the  refrigeration  existing  in  the 
liquid  after  the  process  that  it  is  practical  to  attempt  to  use. 

As  the  crystals  will  tend  to  form  on  the  cooling  coils  it  is  necessary  to  provide 
some  means  of  continually  scraping  them,  and  this  is  done  by  the  wire  brushes 
attached  to  the  vertical  shafts,  as  shown  in  the  figure.  The  crystals  settle  into  the 
conical  part  of  the  tank  and  are  drawn  off  into  other  tanks,  the  upper  part  of  which 
is  separated  from  the  lower  by  means  of  wire  screen  so  that  what  liquid  passes 
along  with  the  solid  potassium  chlorate  will  pass  through  the  screen. 

To  precipitate  the  potassium  chlorate  there  will  be  required  146 . 7  B.t.u.  of  refrig- 
eration per  pound  of  salt  formed.    Referring  to  the  chart  (Fig.  370),  (7.4  —  2  2)  = 
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5.2  grams  of  salt  is  precipitated  per  100  cc.  of  water,  or  5.2  per  cent  of  the  weight 
of  the  water  is  the  weight  of  the  salt  removed  from  solution,  therefore  520  lb.  of  salt 
crystals  will  be  produced  per  hour.  During  the  process  in  the  first  tank  the  weak 
solution  will  be  heated  from  14  to  60  deg.  F.,  and  the  heat  absorbed,  taking  the  specific 
heat  of  the  solution  at  0.85  will  be: 

Q  =  10,220  X  0.85  X  (60  -  14)  =  400,000  B.t.u., 

and  the  strong  solution  will  lose  an  equal  amount  of  heat  as  heat  of  the  liquid  and 
as  heat  of  the  solution.  By  trial  and  error  it  works  out  that,  by  allowing  for  losses 
through  the  insulation  the  temperature  of  the  strong  solution  leaving  the  first  tank 
will  be  30  degrees,  and  that  the  strong  solution  will  be  reduced  to  a  concentration 
of  3.3  grams  per  100  cc.  of  water  whereby  410  lb.  of  salt  will  be  precipitated  and 
the  remaining  110  lb.  of  chlorate  will  be  deposited  in  the  tank  with  the  brine  coil. 

Grams  per  100  cc.  water 
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Fig.  370. — Solubility  of  Salts  at  Various  Temperatures. 

The  load  on  the  brine  coil  will  be  (taking  the  heat  of  precipitation  of  the  salt  solu- 
tion as  146.7  B.t.u.), 

Q  =  (10,270  X  0.85  X  30  -  14)  +  (110  X  146.7)  =  155,800  B.t.u. 

=  12.99  tons  of  refrigeration. 


To  this  13.0  tons  of  refrigeration  must  be  added  5  per  cent  for  losses  through  the 
insulation,  which  makes  the  total  load  on  the  refrigerating  machine  13.64  tons. 
The  compressor  displacement,  for  15  lb.  suction  and  160  condenser  pressure,  will 
be  13.64  X  4.7  =  64.1  cu.  ft.  per  minute,  and  the  power  required  to  drive  the 
compressor  will  be  1.42  X  13.64  =  19.37  hp.,  but  a  larger  motor  will  be  required 
for  starting  and  as  a  factor  of  safety.  For  this  size  of  compressor  the  best  design  is 
the  single-acting  vertical  enclosed  type  of  machine  which  will  operate  at  about 
200  r.p.m.  losing  these  values,  the  size  of  compressor  works  out  to  be  7. 1  by  7.1, 
so  that  the  7  by  7  or  the  7^  by  7J  standard  sizes  would  be  used,  making  the  proper 
adjustment  of  speed  to  suit. 

The  amount  of  pipe  surface  for  the  coils  in  the  tanks  may  be  considered  from  the 
following  viewpoint.     The  inside  of  the  coils  will  be  kept  free  of  crystals  because  of 
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the  action  of  the  rotating  brushes,  and  the  propeller  will  keep  the  licjuid  agitated. 
A  value  of  50  to  75  for  the  coefficient  of  heat  transfer  is  justified  if  all  the  surface  is 
effective,  but  as  half  is  coated  with  salt  it  will  be  safer  to  use  a  value  of  40.  The 
mean  temperature  difference  in  the  first  tank 
(the  logarithmic  mean)  is  12,35  (Fig.  163 
and  371;,  and  the  surface  becomes: 

400,000  =  ^  X  40  X  12.35 

A  =    810  sq.  ft.  =  1295  ft.  of  2-in.  pipe. 

This  surface  could  be  provided  in  a  coil  8  ft. 
in  diameter  with  52  turns.  If  the  pipe  coil 
has  a  pitch  of  3  in.  the  coil  would  be  13  ft. 
high,  with  I  in.  between  each  pipe.  In  a 
similar  manner  the  pipe  coil  required  for  the 
second  tank  would  be  410  sq.  ft.,  or  656  lin. 
ft.  of  2-in.  pipe.  The  two  tanks  should  be 
covered  with  4  in.  of  cork  or  the  equivalent. 
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Fig.  371.— Problem.     Method  of  Se- 
curing the  Mean  Temperature  Differ- 
ence. 


Oil    Refining. — The    oil    refineries 
manufacturing    a    low    "  cold    test " 

oil  use  a  procedure  almost  similar  to  the  process  just  described  except 
for  the  details  of  the  plant.  The  problem  again  involves  the  cooling  of 
a  liquid  and  the  congealing  of  a  part  of  this  liquid. 

The  Wax  Process. — In  the  oil  refining  process,  in  order  to  get  tht 
required  "  cold  "  test  for  certain  grades  of  lubricating  oils  it  is  necessary 
to  chill  the  paraffine  wax  distillate  and  separate  the  resulting  congealed 
paraffine  from  the  oil  by  pumping  through  a  filter  press.  The  problem 
involves  the  cooling  of  brine,  as  direct  expansion  is  seldom  used,  and  a 
suitable  device  for  chilling  the  oil.  As  the  wax  congeals,  some  scraping 
attachment  must  be  included  in  order  that  as  the  solid  material  collects 
on  the  pipe  surface  it  may  be  scraped  away  and  pushed  along  in  the 
direction  of  flow  of  the  chilled  oil.  The  usual  design  is  to  use  a  double 
pipe  cooler  with  a  screw  conveyor  in  the  inner  pipe  (Fig.  372)  so  con- 
structed as  to  give  a  positive  flow  of  the  oil  and  wax  and  an  efficient 
clearing  of  the  oil  surface  at  all  times.  It  is  very  necessary  to  have  a 
clean  surface  of  the  piping  if  results  of  value  are  to  be  obtained. 

The  amount  of  wax  and  the  physical  constants  in  distillate  vary  with 
the  different  fields,  but  the  average  is  taken  as  0 . 5  for  the  specific  heat 
of  the  oil,  and  0.87  for  the  specific  gravity.  The  latent  heat  of  fusion 
of  the  paraffine  is  125  B.t.u.  per  lb.  and  it  begins  to  separate  out  at 
60  deg.  F.  As  an  illustrative  example,  1000  gal.  of  distillate  per  hour  are 
to  be  cooled  from  80  to  20  deg.  F.  and  10  per  cent  of  wax  by  weight  will 
be  removed.  Assume  the  specific  heat  of  the  solid  wax  as  0.6.  Find  the 
size  of  the  compressor  required,  allowing  10  per  cent  for  losses  by  heat 
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leakage,  etc.,  and  find  the  size  of  the  double  pipe  cooler  required  for 
cooling  the  oil. 

The  weight  of  oil  per  hour  is  1000  X  8.33  X  0.87  =  7,250  lb. 

B.t.u. 

a.  To  cool  the  oil  to  60  deg.  F.  0.5  X  7250  X  (80  -  60)  =    72,500 

b.  To  freeze  the  paraffine  0.1  X  7250  X  125  =    90,600 

c.  To  cool  the  oil  0.9  X  0.5  X  7250  X  (60  -  20)  =  130,500 

d.  To  cool  the  wax  0.1  X  0.6  X  7250  X  (60  -  20)  =    17,400 


Total  =311,000 

Add  10  per  cent  for  safety       =    31,100 


Total  1  =342,100 

=  28.5  tons. 

The  resulting  clarified  oil,  being  at  20  degrees,  cculd  be  used  to 
decrease  the  refrigerating  load  by  pumping  it  back  to  a  counterfiow 
double  pipe  cooler  (and  permit  it  to  warm  up  to  40  deg.  F.  or  more), 
through  which  the  distillate  at  80  degrees  is  passed.  In  fact  the  oil  cooler 
is  designed  at  times  using  the  two  uppermost  pipes  as  such  an  "  ex- 
changer." If  such  a  device  were  used,  the  refrigeration  saved  could  be 
expected  to  be: 

0.9  X  7250  X  (40  -  20)  X  0.5  =  65,250  B.t.u., 

and  the  tonnage  becomes 

1.1  X  245,750       _^  _  ,  ,     ,  .        ,. 
:r^y^^ =  22 . 5  tons  of  refrigeration. 

But  the  oil  cooler  would  be  less  efficient  in  heat  transfer  because  of  having 
oil  on  both  sides  of  the  inner  pipe  and  also  because  of  the  lesser  temper- 
ature difference  when  using  oil  and  brine,  as  compared  with  brine 
throughout  the  cooler,  for  the  two  uppermost  pipes.  As  a  rule  zero 
degree  brine  is  used  in  these  coolers,  and  for  some  time  the  absorption 
machine  has  been  the  favorite  means  of  securing  refrigeration  because 
exhaust  steam  is  always  available  in  refineries  and  the  absorption 
machine  can  use  this  steam  directly  in  the  still  to  generate  the  high 
pressure  ammonia  gas  required  for  liquefaction  in  the  condenser  with 
ordinary  condenser  water. 

The  distillate  chilling  machine,  Fig.  372,  is  made  of  4-in.  and  2-in. 
pipes  as  shown,  the  brine  being  in  the  outer  and  the  distillate  in  the  inner 
of  the  pipes.  The  amount  of  the  cooling  surface  is  more  or  less  empirical 
as,  for  example,  one  refinery  uses  400  lin.  ft.  of  cooling  pipe  surface  to 

1  For  general  design  purposes  it  is  usual  to  follow  standard  practice  of  about  7  to 
8  barrels  of  wax  distillate  per  hour  per  1  ton  of  refrigeration. 
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chill  20  gal.  of  distillate  per  minute  from  80  to  20  degrees  using  zero 
degree  brine.     In   this  problem   the  mean  temperature  difference  is 

(80  -  5)  -  (20  -  0) 


Im 


log, 


80-5 
20  -  0 


=  41 .6  degrees 


^1 


00 

d 


with  a  rise  of  5  degrees  in  the  temperature  of  the  brine  from  0  to 
5  deg.  F.    Using  a  value  of  k  of  25,  the  required  surface  becomes 
311,000  =  A  X  25  X  41.6. 
A  =  298  sq.  ft. 

=  298  X  1.6  =  478  linear  feet  of  2-in.  pipe. 
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The  value  of  25  for  k  is  possible  only  when  the  surface  is  kept  carefully 
scraped  of  the  wax,  which  means  that  the  screw  conveyor  must  make  a 
good  fit  in  the  inner  pipe.  P'igures  372  and  373  give  details  of  the 
process.     Table  118  contains  the  constants  for  the  more  general  sub- 

TABLE  118 

Thermal  Properties  of  Various  Substances 


Substance 


Temper- 
ature, 
Deg.  F. 


Specific 
Gravity 


Specific 
Heat 


Latent 
Heat, 
B.t.u. 

per  Lb. 


Temperature,  Deg.  F. 


Freezing 


Melting 


Alcohol,  ethyl  (C2H6O) . 


Alcohol,  methyl,  CH4O. 

Beeswax,  yellow 

Beeswax,  white 

Beef  tallaw,  fresh 

Beef  tallow,  old 

Glycerine 

Mutton  tallow,  fresh.  .  . 
Benzol,  CeHg 


Butter,  fresh. 
Cocoa  butter. 


Cocoanut  oil.  .  . 
Nutmeg  butter. 

Glue 

Hexme  [CeHu] . 
Leaf  lard 


Milk,  cows . 


Naphtha 

Naphthalin,  solid,  CioHs. 

Naphthalin,  liquid,  CioHg 

Nitric  acid 

Oil,  petroleum 


Oil,  crude.  Pa 

Oil,  crude,  Japan.  .  .  . 
Oil,  crude,  Russian .  . 
Oil,  cru  le,  California. 
Oil,  li(4uii  base 


Oil,  lubricating. 


Oil,  cottonseed . 

Oil,  olive 

Oil,  linseed  .  .  .  . 


Oil,  turpentine,  CjoHig. 


Oil,  castor 

Oil,  palm,  soft.  . 
Oil,  palm,  hard. 
Oil,  palm  (okn  . 
Paraffin,  soft.  .  . 


Paraffin,  hard. 
Spermaceti .  .  . 
Water,  sea. . .  . 


32 
104 
176 


0.900 
0.965 
0.908 


0 .  .547 

0.64S 
0.769 
0 .  60 
0.45 


1.26 
0.92 


22 

[Solid! 

59 

104 

149 

212 


0 .  885 


0 .  SG6 

0.89  to 

0.91 


0.576 

0.31:3 

0.340 
0 .  423 
C .  482 
0 .  55 


JO  to  68 
140 
200 


1.27 

0 .  658 
0.92  to 

0.94 
1.028  to 

1 .  035 
0 .  85 
1.1.52 


100  to 
200 


0.977 

0  661 
0.79  to 

0  82 

0,88 

0  81 

0  86 

0  91 

0  96 
0  83  to 

0  87 
0  83  to 

0.87 


0  91 

0  93  to 

0  94 


-4.0 
32.0 
176 
320 


0.87 
0.905 


0 .  45 
0.314 
0 .  .334 
0.41 


0.50 
0.51 
0  50 
0.45 
0  43 
0  40 

0.40 

0  40 
0  47 
0.47 

0  31 
0.38 
0  41 
0.48 
0.51 
0.43 


0  87  to 
0,88 

0.88  to 
0  93 

0  88  to 
0.94 
1.026 


0  70 


0.938 


50.0 


144.0 
146.0 
91.4 
93.0 


97.0 


69.0 
68 . 5 
91.4 


i.O 


69,8 

75.2 

100  4 


144.0 
146.0 
109.4 
110.5 


116.6 


42.0 

88.0 

93.0 

76.0 

111.0 


86  0 
100.4 
107  6 
100  to 

125 

130.0 
112  0 
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stances.     Unfortunately,   these   values   vary   considerably  unless   the 
substance  is  a  fixed  compound. 

The  Manufacture  of  Gasoline. — There  is  no  definite  compound  called 
gasoline,  but  the  term  is  applied  to  a  number  of  hydrocarbons  including 
propane,  butane,  hexane,  nonane,  etc.,  including  a  little  ethane,  all 
mixed  (or  dissolved)  together.  The  separation  of  these  hydrocarbon 
compounds  from  gas  by  the  means  of  refrigeration  can  be  accomplished 
in  the  case  of  either  casing  head  or  natural  gas.  The  freezing  of  the 
gasoline  may  be  carried   out  by  either   of  two   methods.     First,  there 


Steam  lines  to  compressors 


Plant  intake 


Water  separator 
Fig.  374. — Gasoline  Manufacture. 

is  the  method  by  which  the  gas  is  compressed  (to  160  lb.  or  over)  and 
then  is  allowed  to  throttle  down  or  expand  adiabatically  in  the  expan- 
sion cylinder  of  an  engine.  The  temperature  is  lowered  in  both  of  these 
methods  but  to  a  much  greater  degree  in  the  case  of  the  expanding  cyUn- 
der,  and  the  gasoline  fractions  are  condensed  out  during  the  fall  of  the 
temperature.  A  third  method  is  when  the  gas  is  chilled  by  the  use  of  a 
refrigerating  machine  and  a  suitable  exchanger. 

Raw  casing  head  gas  emanating  from  producing  oil  wells  is  pumped 
by  vacuum  pumps  to  a  central  point  at  which  it  is  picked  up  by  a  com- 
pressor and  compressed  to  a  pressure  varying  from  5  to  40  lb.  or  more. 
After  this  operation  the  gas  passes  through  a  series  of  water  cooled 
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atmospheric  condensers,  during  which  process  the  heavier  gasohne 
fractions  contained  in  the  raw  casing  head  gas  are  condensed  and  col- 
lected in  an  accumulator  tower  30  to  90  ft.  high  filled  with  tile,  wooden 
baffles,  lath  cuttings,  or  other  special  devices  manufactured  for  the  pur- 
pose of  giving  a  large  amount  of  surface  for  the  absorbent  oil  to  spread 
over  in  the  downward  course  through  the  tower.  The  oil  in  the  thin 
film  state  coming  into  contact  with  the  upward  passing  gas  absorbs  the 
gasoline  content  of  the  gas.  This  oil  passes  from  the  bottom  of  the 
tower  into  the  heat  exchanger,  thence  to  the  pump,  which  forces  it 
through  some  water  cooled  atmospheric  coils,  thence  into  a  still  where 
the  gasoline  content  is  driven  off  by  heat.    The  denuded  oil  then  passes 


steam,    '^°''' ""  "^'" 
Warm  salt  water 


Automatic  pressure 

(egulator,  160  pounds 

70°  f. 


Blended 


"ctn'rano   '-°'''    P'Sssure  accumulatot       Lr_ 


product.     Oil  filter 
Fig.  375. — Gasoline  Manufacture. 


into  the  heat  exchanger,  then  to  a  pump  which  forces  it  through  some 
water  cooled  atmospheric  coils,  and  finally  to  the  top  of  the  tower  from 
where  it  began,  thus  completing  the  cycle.  In  the  case  of  natural  gas 
the  conditions  are  the  same,  practically,  except  for  the  characteristics  of 
the  gas. 

In  the  case  of  the  absorption  process  in  order  to  obtain  the  maximum 
efficiency  of  extraction  it  is  necessary  to  pump  a  large  amount  of  oil 
through  the  tower.  This  results  in  a  low  saturation  of  the  mineral  seal 
oil,  a  large  capacity  heat  exchanger,  a  large  still  and  a  large  pump. 
Even  then  it  is  sometimes  impossible  to  extract  the  entire  gasoline 
content  of  the  gas  in  summer  time.  This  is  particularly  true  of  plants 
treating  so-called  dry  or  natural  gas  containing  from  one-tenth  to  five- 
tenths  of  a  gallon  per  100  cu.  ft.  of  gas. 
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In  these  plants  it  has  been  found  necessary  to  use  refrigeration  to 
cool  the  oil  down  to  the  temperature  at  which  the  vapor  tension  of  the 
gasoline  content  of  the  gas  is  sufficiently  overcome  to  cause  the  con- 
densation and  absorption  l)y  the  mineral  seal  oil  absorbent.  Therefore, 
this  calls  for  the  introduction  of  machinery.  Also,  in  the  operation  of 
the  absorption  plants  the  lighter  and  more  volatile  gasoline  fractions 
are  not  condensed  as  they  are  driven  off  from  the  still,  bu.t  pass  through 
with  what  condensate  does  form  in  the  absorption  accumulator  tank, 
from  which  point  they  are  withdrawn  by  a  compressor  that  compresses 
them  up  to  80  to  100  lb.  After  leaving  this  compressor  they  pass  through 
a  series  of  water-sprayed  condenser  coils  where  they  are  condensed  and 
separated  from  the  entrained  methane  and  ethane. 

It  has  been  found  that  a  gasoline  produced  in  an  absorption  plant 
does  not  need  blending,  the  vapor  pres.sure  being  low  enough  so  as  to 
allow  it  to  be  shipped  just  as  it  comes  from  the  still.  At  some  plants 
gas  compressors  are  used  to  treat  the  uncondensed  still  vapors  which 
come  through  the  cooUng  coils  and  make  rather  a  "  wild  "  gasoline  of 
the  same  characteristics  as  that  produced  by  other  compressor  plants. 
The  product  is  often  blended  with  still  run  gasoline.  Other  plants 
treat  the  uncondensed  still  vapors  in  a  secondary  absorption  tower 
using  mineral  seal  oil  or  naphtha  as  the  absorbent.  In  case  mineral 
seal  oil  is  used,  it  is  sent  to  the  still.  If  naphtha  is  used  the  product  is 
sent  to  market  as  it  comes  from  the  absorption  tower. 

The  refrigerating  machine  therefore  has  a  place  in  gasoline  produc- 
tion, although  it  is  not  used  universally,  nor  is  it  of  equal  advantage  in 
every  case.  Figures  C74  and  375  show  the  methods  used  in  this  kind  of 
work. 

Brewery  Refrigeration. — The  brewery  was  the  first  important  appli- 
cation of  refrigeration  in  the  United  States,  and  for  a  number  of  years  it 
was  the  largest  user  of  mechanical  refrigeration,  having  replaced  the 
use  of  ice  and  ice  and  salt  in  this  industry.  Since  1919  the  industry  has 
suffered  very  badly  in  the  United  States,  and  many  of  the  1225  plants 
requiring  172,800  tons  of  refrigeration  have  been  modified  into  other 
industries  or  have  been  closed. 

Refrigeration  in  lager  beer  brewing  is  required  for  tlie  following 
purposes : 

(a)  To  cool  the  liquid  resulting  from  the  malt  and  hops  (wort)  from 
about  70  to  40  deg.  F. 

(6)   To  cool  the  wort,  at  one  period  or  another,  from  40  to  32  degrees. 

(c)  To  neutralize  the  effect  of  fermentation. 

(d)  To  cool  the  cellars,  yeast  rooms,  hop  stores,  etc.,  kept  at  32  to 
38  deg.  F. 
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To  cool  the  wort  to  40  degrees  requires: 

Q,  =  BX  W  XdX  C  X  {t-  40)  B.t.u., 
where 

B  =  the  number  of  barrels; 

W  =  the  nominal  weight  of  a  barrel  (about  360  lb.); 
d  =  the  density  of  the  wort  (1.05); 
c  =  the  specific  heat  of  the  wort  (0.9). 

To  cool  the  wort  to  32  degrees  requires: 

Q.,  =  B  X  265(40  -  32). 

To  neutralize  the  heat  of  fermentation: 

The  action  of  fermenting  is 

C12H22OH  =  4C2HGO  +  4CO2  +  330  B.t.u.  per  lb.  of  maltose. 

B  X  0.91  X  (b  -  &i)(259  +  6)  X  280 


Qs  = 


100 


where  h  r.nd  b\  =  the  specific  gravity  of  the  wort  and  ready  beer  by 
Balding  saccharometer  (about  1.055  and  1.015  respectively). 

To  cool  the  cellars,  etc. :  This  is  a  calculation  similar  to  that  in  cold 
storage  and  depends  on  the  heat  leakage,  etc.,  through  the  building 
material.  The  temperatures  required  are  nominal  and  the  result  is  that 
the  suction  pressure  on  the  compressor  is  usually  30  lb.  gage  or  higher. 

Soap  Manufacture. — Refrigeration  is  used  quite  extensively  in  the 
United  States  in  the  manufacture  of  soap.  As  the  applications  vary  in 
the  different  plants  examples  will  be  given  as  representative  of  common 
practice. 

In  the  manufacture  of  "  boraxine,"  a  flaky  soap,  the  hot  soap  arrives 
at  the  refrigerating  apparatus  at  about  212  deg.  F.  The  usual  chilling 
device  is  the  roll,  revolving  at  approximately  10  r.p.m.  similar  to  the 
lard  and  compound  rolls  (Fig.  300).  When  brine  is  used  for  cooling  it 
enters  at  10  deg.  and  leaves  at  about  18  deg.  F.,  and  if  direct  expansion 
is  used  the  evaporating  temperature  is  about  15  deg.  F.  By  the  action 
of  the  roll  the  flaky  boraxine  is  chilled  to  about  32  degrees  and  the  solid 
soap  is  scraped  off  the  surface  of  the  roll  by  means  of  a  knife.  The 
refrigerating  load  is  similar,  except  for  the  physical  constants,  to  that 
given  in  Chapter  XIV. 

In  making  certain  toilet  soaps  it  was  the  practice  at  one  time  to  fill 
large  drums  containing  several  hundred  pounds  of  the  liquid  soap  and 
this  was  permitted  to  air  cool  until  the  entire  mass  was  solid,  but  this 
method  was  found  to  be  both  slow  and  awkward.     The  modern  bar 
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method  is  shown  in  Fig.  37G.  This  is  an  endless  chain  of  molds,  and 
means  are  provided  by  which  the  molds  are  made  to  pass  through  the 
long  refrigerating  box,  the  speed  of  the  chain  and  the  length  of  the  box 
being  such  as  will  permit  a  complete  hardening  of  the  soap  before  a 
complete  circuit  can  be  made.  The  refrigeration  is  that  due  to  the  heat 
leakage  and  the  cooling  and  solidifying  of  the  bars.  About  15  lb.  gage 
is  usually  carried  in  the  evaporating  coils  in  the  refrigerated  box. 

The  Manufacture  of  Rubber. — In  the  manufacture  of  rubber, 
refrigeration  is  used  to  assist  in  the  removal  of  the  heat  generated  in  the 
mill  rolls  caused  by  the  mixture  of  rubber  with  its  compounds  on  the 
surface  of  the  rolls.     The  surface  speed  ratio  of  the  two  rolls  through 


'fnsulated  box 


Fig.  376.— Chilling  of  Bar  Soap. 


which  the  rubber  passes  is  1  :  1^-;  the  variation  in  speed  being  required 
to  effect  the  kneading  or  milhng  which  is  desired.  The  hne  shaft  is 
attached  to  the  faster  roll,  and  the  rubber  sticks  to  the  slower  one. 
The  operator  cuts  the  rubber  off  the  roll  and  returns  it  to  the  hopper 
for  more  kneading.    For  this  purpose  the  rolls  usually  are 

16  in.  diameter  by  42-in.  face  with  shell  thickness  of  4  in. 
20  in.  diameter  by  60-in.  face  with  shell  thickness  of  5  in. 
24  in.  diameter  by  84-in.  face  with  shell  thickness  of  6  in. 

Nearly  all  the  power  delivered  to  the  rolls  tends  to  heat  the  rubber.  To 
prevent  burning,  the  roll  surfaces  are  limited  to  not  more  than  160  deg.  F., 
and  this  necessitates  a  water  temperature  of  58  degrees  or  lower  entering 
and  64  degrees  or  lower  leaving  the  rolls.    Roughly,  the  heat  v/hich  must 
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be  absorbed  by  the  water  is  0.9  of  the  heat  equivalent  of  the  power 
dehvered  to  the  shaft  or,  roughly,  0.9  hp.  per  1  in.  of  roll  face. 

Problem. — Tests  show  that  a  motor  driving  a  roll  requiros  .30  kw.  What  refrig- 
eration is  required? 

^,.  .  30X0.85X0.9X1.34X42.4       ^  ^^  ^ 

Refrigeration  =  — — •  =  6 .  52  tons. 

^  200 

Formerly  refrigeration  was  used  for  making  it  possible  to  cut  block  rubber  into 
thin  sheets,  after  the  block  had  been  frozen.  This  method  is  obsolete  at  the  present 
time. 

Gelatine  Emulsion. — Large  chill  rooms  are  maintained  at  from  35  to 
40  deg.  F.  for  the  purpose  of  chilling  emulsion.  This  converts  it  from  a 
warm  gelatine  solution  to  a  solid  jelly,  and  it  is  best  kept  in  a  solid  con- 
dition for  various  lengths  of  time.  For  photographic  work  the  emulsion 
is  melted  at  from  90  to  100  deg.  F.  and  coated  on  a  paper  or  a  film  base 
after  which  it  is  submitted  to  a  sudden  chill.  Refrigeration  in  indus- 
try of  this  nature  consists  in  humidity  control  and  a  very  careful  tem- 
perature regulation. 

Glue. — Both  glue  and  gelatine  solutions  are  cooled  by  means  of 
refrigeration  to  50  or  40  deg.  F.  The  glue  liquid,  containing  approx- 
imately 25  per  cent  dry  glue,  is  sometimes  chilled  in  small  pans  contain- 
ing 72  lb.  (  6  in.  by  9  in.  by  36  in.),  or  the  glue  solution  may  be  fed  on  to 
belts  (Fig.  324) ,  so  arranged  that  the  proper  temperature  will  be  attained 
before  the  solution  leaves  the  chill  chamber. 

Refrigeration  in  Gas  Warfare. — Refrigeration  in  gas  warfare  ^  or  in 
general  in  the  preparation  of  poi&on  and  some  noxious  gases  may  involve : 

(a)  The  cooling  of  the  gas. 

(6)  The  liquefying  of  the  gas. 

(c)  The  cooling  of  the  Hquid. 

(d)  The  cooling  of  the  metal  containers  required  for  the  storage  of 
the  condensed  gas  to  a  temperature  below  32  deg.  F. 

In  the  case  of  phosgene  gas,  formed  by  bringing  equal  volumes  of 
CO  and  CI2  together  in  the  presence  of  a  catalyzing  agent,  the  gas  was 
cooled  in  a  double  pipe  water  cooler,  then  cooled  and  condensed  by  pass- 
ing through  helical  lead  coils  submerged  in  brine  where  liquefaction 
occurred  at  40  deg.  F.  Mustard  oil  is  stated  to  require  2  tons  of  refrig- 
eration per  one  ton  of  oil  per  day  of  24  hours. 

The  Haber  Process. — Ammonia  is  now  being  made  by  the  fixation 
of  atmospheric  nitrogen  by  the  Haber  process  at  100  to  200  atm.  pres- 
sure, using  a  mixture  of  water  and  producer  gas ;   the  Casale,  at  600  to 

2  A.  M.  Heritage,  Journal  Amer.  Soc.  Refrigerating  Engineers,  May,  1919. 
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700  atm.,  using  a  mixture  of  electrolytic  hydrogen  and  nitrogen  obtained 
by  burning  the  oxygen  from  the  air  with  excess  hydrogen;  and  the 
Claude,  at  900  atm.  pressure  exerted  on  a  mixture  nitrogen  from  the 
liquid  air  process  and  hydrogen  from  coke  oven  gas.  One  plant,  at 
Syracuse,  N.  Y.,  is  working  on  a  modified  Haber  process  similar  to  that 
used  by  the  United  States  Government  Nitrate  Plant  No.  1  during  the 
World  War,  and  has  a  capacity  of  10  tons  per  day  (1925).  According 
to  Frederick  Pope,'^  the  cost  of  synthetic  ammonia  can  be  reduced  to 
4  cents  per  lb.  in  large  plants.  The  following  method  has  been 
used  in  the  calculation  of  the  required  refrigerating  effect  in  the  Haber 
process. 

Problem. — 90,000  cu.  ft.  per  hour  of  permanent  gases  (SHa  —  N2)  at  60  deg.  F. 
and  1  atm.,  under  100  atm.  and  10  per  cent  ammonia  content  leaving  the  catalyst, 
is  to  be  cooled  in  two  coolers,  one  to  10  deg.  and  the  other  to  —  40  deg.  F.  The 
liquefied  ammonia  will  be  trapped  off  after  each  cooler.  The  value  for  Cp  for  the  per- 
manent gases  at  100  atm.  is  to  be  taken  as  1.0.  Find  the  refrigeration  required. 
For  gas  mixtures 

p  =  Pi  +  p2  =  1470  lb. 


but 

therefore, 
and 

Liquefaction. 


—  Psaturated  ammonia     r  Ppermanent  gas, 

V        p 
1470  =  147  +  1323, 
<NH3  at  1 47  lb.  =  77 .  63  deg.  F. 


Fi       />i       38.51 
At  10  degrees      77"  ~  ~  ~  ^^ —  ^  2 .  62    per  cent  by  volume. 

Vi       Vi       10.41 

At  —40  degrees  —  =  —  =  =  0.709  per  cent  by  volume. 

V        p         1470 

Volume  of  Permanent  Gases. 

At  100  atm.  and  77.6  deg.  F.: 

14.7       460  +  77.6 

90,000  X X =  1035  cu.  ft. 

1323         460  +  60 

At  100  atm.  and  10  deg.  F.: 

14  7         460  +  10 

'  Frederick  Pope,  Ammonia  Synthesis,  Refrigerating  Engineering,  1926. 
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At  100  atm.  and  -40  deg.  F.: 

14.7       460-40 

90,000  X  X  =  732  cu.  ft. 

1460       460  +  60 

Weight  of  Ammonia  Present  (lb.) 

1033 

At  77.6  deg.  F.     Total  volume  -h  specific  volume  of  NH3  =  =  508  lb. 

2 ,  034 

83.3 
At      10  deg.  F.  =  — ^  =  114  lb. 

7.304 

732 

At  -40  deg.  F.  =  ——  =  29.4  lb. 

24.86 

Quality  of  Vapor  Leaving  Refrigerating  Coils. 

At  10  deg.  F.  114.0  -r-  508  =  22.45  per  cent  (by  weight). 

At  -40  deg.  F.       29.4  -^  114.0  =  26.3  per  cent  (by  weight). 
Weight  of  Permanent  Gases. 

Taking  the  specific  volume,  3H2  -  N2  =  44.24  at  NTP, 

90,000 

2034  lb 
44.24 

Ammonia  Content  (by  weight) 

At  77 . 6  deg.  F.  """         =  20 . 1  per  cent. 


44.24 

508 

2034  +  508 

114 

2034  +  114 

29.4 

At  10  deg.  F.  =5.33  per  cent. 


^*  -''  '^'^-  ^-  2034  +  29.4  =  '■''  P^^  '''''■ 

Refrigeration. — As  the  cooling  takes  place  at  constant  pressure,  the  heat  absorbed  by 
the  evaporating  coils  is  equal  to  the  difference  in  the  value  of  i. 

=  2034  X  1.0  X  [77.6  -  10]  +508  [(630.3  -  53.8)  -  (0.225  X  561.1)] 
=  366,300  B.t.u.  =  30 . 5  tons. 

Likewise,  the  refrigeration  in  the  second  stage  cooler  at  a  temperature  of  —40  deg.  F. 
becomes: 

Q  =  (2034  X  1.0  X  50)  +  (614.9  -  0  -  0.263  X  597.6) 

=  167,600  B.t.u.  =  13.95  tons. 
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In  the  first  stage  the  evaporating  pressure,  using  ammonia  as  the 
refrigerant,  would  be  at  15  lb.  gage,  whereas  it  would  be  at  8  lb.  absolute 
in  the  second  stage.  The  percentage  of  ammonia  in  the  gas  phase  as 
found  experimentally  is  not  exactly  as  given  in  the  calculations,  but  this 
method  is  given  in  full  as  an  example  of  what  can  be  done. 
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Fig.  377. — Synthetic  Manufacture  of  Ammonia. 


Figure  377  gives  more  accurately  the  percentage  of  ammonia  in  the 
gas  phase  of  the  system  3H2  —  N2.  This  was  developed  by  the  fixed 
nitrogen  section  of  the  Department  of  Commerce.  The  calculation  is 
given  more  as  a  method  than  as  a  means  of  arriving  at  an  accurate 
answer. 


CHAPTER  XIX 

SAFETY  DEVICES  AND  FIRE  PROTECTION 

Because  of  the  nature  of  the  refrigerants  used,  the  operating  cycle, 
and  the  pressures  encountered,  a  number  of  special  regulations  have 
been  devised  for  refrigerating  plants.  These  regulations  consist  in 
means  for  prevention  of  excess  pressures  in  the  discharge  lines  from 
the  compressor,  the  condenser  or  the  liquid  receiver,  or  (in  special  cases, 
as  in  the  case  of  fire)  of  discharging  the  whole  of  the  refrigerant  into  the 
atmosphere  or  a  suitable  mixing  chamber. 

The  Safety  Valve. — The  safety  valve  for  ammonia  is  simply  a  pop 
valve  ground  to  its  seat,  whereas  the  carbonic  valve  has  a  thin  metal 
disc  usually  in  addition  to  the  pop  valve.  The  valve  is  best  piped  to 
discharge  into  the  low-pressure  side  of  the  system  and  should  be  placed 
on  the  shell  type  brine  cooler,  the  shell  type  condenser,  and  the  liquid 
receiver  where  the  pressure  can  become  excessively  high  on  the  occasion 
of  the  temperature  rising  with  both  the  inlet  and  the  outlet  valves 
closed.  If  a  pop  valve  blows,  it  nmst  be  reground  in  order  to  be  put 
back  into  service.  When  the  discharge  is  into  a  mixer  (Fig.  381),  or  into 
the  atmosphere,  the  refrigerant  is  lost. 

When  the  compressor  is  electrically  driven  it  is  usual  to  have  special 
devices  to  stop  the  compressor  should  the  pressure  into  the  discharge 
line  rise  to  an  excess:  for  example,  as  high  as  250  lb.  in  the  case  of 
ammonia.  In  Fig.  378  the  gas  pressure  exerted  on  the  diaphragm  com- 
presses a  spring  and  moves  a  plunger,  thereby  releasing  a  spring  operated 
trip  which  is  connected  to  a  knife  switch.  Various  valves  of  similar 
design  are  manufactured. 

Should  a  cylinder  head  break,  or  similar  trouble  develop,  a  non- 
I'eturn  valve  comparable  to  those  used  in  steam  boiler  headers  would 
be  very  valuable,  and  such  valves  are  installed  in  large  plants  in  order 
to  prevent  the  loss  of  the  entire  charge  and  the  consequent  vitiation  of 
the  compressor  room  and  the  vicinity.  A  hand-operated  valve  is  shown 
in  Fig.  379,  and  this  can  be  modified  to  be  operated  by  means  of  a  push 
button.    In  either  case  a  remote  operation  of  the  stop  valve  is  possible. 

Helmets. — Every  plant  above  the  fractional  tonnage  size  should  be 
provided  with  suitable  gas  masks  or  helmets  in  good  working  order. 
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Fig.  378. — Pressure  Actuated  Cut  Out. 


Note 

Arrows  show  flow  when 

used  on  suction  line. 

Flow  Is  reversed  on 

discharge  line. 


Fig.  379. — Remote  Control  Stop  Valve. 
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They  should  be  placed  outside  the  compressor  room,  but  within  easy 
access  at  all  times. 

Open  Flames. — With  ammonia,  ethyl  and  methyl  chloride  and  the 
hydro-carbon  refrigerants  no  flames,  arc  lights,  gas  jets  or  any  apparatus 
employing  a  flame  except  internal  combustion  engines  with  internal 
ignition  should  be  permitted.  It  will  be  seen  in  Chapter  VII  that  the 
refrigerants  listed  are  explosive  with  certain  limited  mixtures  and,  as  a 
matter  of  fact,  several  bad  explosions  have  been  laid  to  the  door  of 
ammonia. 

Inspection  of  Refrigerating  Plants. — The  City  of  Chicago  inspection 
rules  for  refrigerating  plants  requires  the  inspector  to  note  particularly 
the  following  10  points: 

1.  Valves  and  fittings  entering  the  construction  of  machinery,  apparatus,  pipes 
and  the  connections  therewith,  and  wherein  ammonia  is  used  under  pressure,  shall 
be  subjected  to  an  air  pressure  test  of  300  lb.,  and  500  lb.,  of  hydrostatic  pressure. 

2.  Hangers  and  braces  shall  be  of  flat  angle  or  round  wrought  iron  or  steel. 

3.  No  perforated  material  will  be  accepted. 

4.  Supports  and  brackets  may  be  of  cast  iron. 

5.  The  discharge  pipe  between  compressor  or  generator  and  condenser  sections 
shall  be  extra  heavy  material  and  be  provided  with  two  stop  valves. 

6.  All  liquid  pipes  must  be  of  extra  heavy  material. 

7.  High  and  low-pressure  check  valves,  or  equivalent,  must  be  located  as  close  to 
compiessoi  as  convenient,  and  provided  with  a  by-pass.  Check  valves  in  absorption 
plant  shall  be  located  between  rectifier  and  condenser  and  in  the  discharge  line  close 
to  the  aqua  ammonia  pump. 

8.  Safety  pop  valve  must  be  located  between  compressor  or  generator  and  first 
stop  valve  and  arranged  for  seal  and  set  at  250  lb.  for  ammonia  compressors  and 
1500  lb.  for  CO2  compressors. 

9.  Size  of  safety  valve  for  250  lb.  pressure: 

Capacity  not  exceeding  10  tons,  |  in. 

Capacity  over  10  tons  and  not  exceeding  25  tons,  f  in. 

Capacitj'  over  25  tons  and  not  exceeding  40  tons,  1  in. 

Capacity  over  40  tons  and  not  exceeding  60  tons,  Ij  in. 

Capacity  over  60  tons  and  not  exceeding  100  tons,  1^  in. 

Capacity  over  100  tons  and  not  exceeding  140  tons,  2  in. 

Capacity  over  140  tons  and  not  exceeding  190  tons,  2^  in. 

Capacity  over  190  tons  and  not  exceeding  300  tons,  3  in. 

Tonnage  based  on  7,500  cu.  in.  displacement  per  ton  for  ammonia  compressor. 

10.  Separators,  liquid  receivers  and  receptacles  on  the  high  pressure  side  of  an 
ammonia  machine,  shall  be  tested  to  a  hydrostatic  pressure  of  500  lb.  and  300  lb.  of 
air.  Hydrostatic  test  to  be  stamped  on  each  vessel  with  name  of  maker,  shell  brine 
coolers,  purifiers,  absorbers,  carrying  a  maximum  working  pressure  below  250  lb., 
shall  be  equipped  with  a  safety  valve  not  less  than  h  in.  diameter,  and  set  for  a  pres- 
sure arrived  at  by  computing  the  material  and  construction  of  each  apparatus  accord- 
ing to  the  rules  applied  thereon.     Liquid  receivers  must  be  equipped  with  a  ^  in. 
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pop  safety  valve,  and  a  stop  valve  between  safety  valve  and  receiver.  Arrange  stop 
valve  so  it  can  be  sealed  when  open.  Outlet  of  safety  valve  to  be  piped  to  atomsphere 
outside  of  building. 


Steel 
Semi  steel  or  steel 
Antimonial  lead 


--Steel 

Steel  nickle  plated 
Semi  steel  or  steel 
^6 -fBoits  on  4i  bolt  circle 


Antimonial 
lead 


Semi  steel  or  steel 

Special  non- 
corrosive  metal 

^Standard  iron 
pipe  plug 


Fig.  3S0.— Pop  Safety  Relief  Valve. 

The  Mechanical  Refrigerating  Safety  Code. — A  safety  code  for 
refrigerating  machinery  has  been  devised  by  the  American  Society  of 
Mechanical  Engineers  in  conjunction  with  the  American  Society  of 
Refrigerating  Engineers  (1925)/  under  the  direction  of  the  American 
Engineers  Standards  Committee,  which  is  as  follows: 


MECHANICAL  REFRIGERATION   SAFETY   CODE  2 

SECTION  10 

Scope 

This  code  shall  apply  to  every  refrigerating  equipment  employing  fluids  which 
are  vaporized  and  liquefied  or  compressed  in  their  refrigerating  cycle  and  is  intended 

^  See  also  the  A.S.M.E.  Boiler  Code,  Part  I,  Section  6,  for  rules  for  the  con- 
struction of  unfired  pressure  vessels. 

2  Formulated  under  direction  of  American  Engineering  Standards  Committee  and 
sponsorship  of  The  American  Society  of  Refrigerating  Engineers. 
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to  provide  for  the  safe  installation,  operation  and  inspection  of  refrigerating  systems, 
as  well  as  the  storage  of  refrigerants. 

Interpretations  and  Exceptions 

The  purpose  of  this  code  is  to  provide  reasonable  safety  for  life,  limb,  health  and 
property.  It  shall  be  Hberally  construed  to  secure  these  results  by  the  enforcing 
officers  or  body,  who  shall  have  authority  in  cases  of  practical  difficulty  or  unneces- 
sary hardship  to  grant  exceptions  from  the  literal  refiuirements  of  this  code,  as  long 
as  equivalent  protection  is  thereby  secured.  When  the  safeguarding  of  specific  types 
of  machines  is  covered  by  other  approved  codes,  these  codes  shall  be  given  preference. 
When  specific  devices  or  methods  are  mentioned  in  this  code,  other  devices  or 
methods  which  will  secure  equally  good  results  may  be  used,  subject  to  the  approval 
of  the  administrative  authority. 

SECTION  20 

Definitions 

(o)  Refrigerating  Equipnienl. — A  "refrigerating  equipment"  or  "refrigerating 
system''  is  an  apparatus,  including  its  source  of  energy  in  so  far  as  it  affects  its 
safety  of  operation,  for  abstractmg  heat  from  a  body  at  one  temperature  and  trans- 
ferring it  to  another  at  a  higher  temperature. 

(6)  Capacity. — The  "capacity"  of  a  refrigerating  equipment  is  its  rating  in  tons 
of  refrigeration  per  twenty-four  (24)  hours,  determined  as  follows: 

a'.  A  standard  ton  of  refrigeration  is  two  hundred  and  eighty-eight  thousand 

(288,000)  B.t.u. 
h'.  The  standard  commercial  ton  of  refrigeration  is  at  the  rate  of  two  hundred 

(200)  B.t.u.  per  minute. 
c'.   The  standard  rating  of  a  refrigerating  machine,  using  liquefiable  vapor,  is 
the  number  of  standard  commercial  tons  of  refrigeration  it  performs 
under  the  following  adopted  refrigerant  pressures: 

(1)  The  inlet  pressure  is  that  which  corresponds  to  a  saturation 

temperature  of  five  degrees  (5°)  F.  (  —  15°  C). 

(2)  The  outlet  pressure  is  that  which  corresponds  to  a  saturation 

temperature  of  eighty-six  degrees  (86°)  F.  (30°  C). 

These  pressures  are  measured  outside  and  within  ten  (10)  feet  of  the  pressure 
imposing  element,  measured  along  the  inlet  and  outlet  pipes,  respectively. 

(c)  Working  Pressure  shall  be  understood  to  mean  the  maximum  allowable 
working  pressure. 

(d)  Pressure  Imposing  Element  is  that  part  of  a  refrigerating  equipment  which 
draws  the  refrigerant  from  the  low-pressure  side  and  discharges  it  into  the  high- 
pressure  side  of  the  system,  such  as  a  compressor  or  absorber  and  generator. 

(e)  Machinery  Room  is  one  in  which  is  located  any  pressure-imposing  element, 
condenser,  receiver  or  shell-type  apparatus.  Rooms  which  contain  only  pipes  for 
conveying  the  refrigerant  are  not  considered  machinery  rooms. 

(/)    Pressure  Limiting  Deirice  is  a  device  acting  directly  responsive  to  pressure  to 
stop  the  action  of  the  pressure-imposing  element. 
{g)  Pressure  Relief  Devices — 

a.'.  Pressure  Relief  Valve  is  a  device  that  will  automatically  relieve  the  excess 
pressure  at  a  predetermined  maximum  difference  of  pressure. 
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b'.  Automalic  By-Pass  is  a  device  that  will  automatically  relieve  within 
narrow  limits  of  a  predetermined  pressure  the  excessive  pressure,  irre- 
spective of  the  outlet  pressure. 

c'.  Fusible  Plug  is  a  device  which  will,  by  the  fusing  or  softening  of  a  suitable 
material,  relieve  the  pressure  when  the  device  has  reached  a  pre- 
determined temperature. 

d'.  Rupture  Member  is  a  device  that  will  rupture  at  a  predetermined  difference 
of  pressure. 

Qi)   Vessel  is  any  part  of  a  system  containing  refrigerant. 

(i)  Liquid  Receiver  is  a  liquid  refrigerant  reservoir  permanently  connected  by 
inlet  and  outlet  pipes  to  a  refrigerating  system. 

0)    Container  is  a  cylinder  or  drum  for  the  shipment  of  a  refrigerant. 

(k)  Suction  and  Discharge  Stop. — The  terms  "main  suction  stop"  and  "main 
disharge  stop"  designate  the  manually  operated  shut-off  valves  located  in  the 
suction  and  discharge  lines,  respectively,  adjacent  to  the  pressure  imposing  element. 

(/)  Service  Valve  is  a  valve  located  in  the  refrigerant  circuit  which  may  be 
operated  only  by  a  specially  constructed  service  key. 

SECTION  30 

General  Requirements 

(a)  Pressure  relief  and  pressure  limiting  devices  shall  be  made  of  material  suitable 
for  the  refrigerant  employed  and,  where  practicable,  their  working  parts  shall  be 
non-corrodible  and  shall  be  set,  marked  and  sealed  by  the  manufacturer. 

(b)  Automatic  by-passes  shall  be  of  such  design  as  to  operate  within  five  per 
cent  (S'y^)  of  the  pressure  for  which  stamped,  irrespective  of  the  outlet  pressure. 

(c)  If  rupture  member  devices  are  used,  they  shall  be  rupturable  by  a  direct 
pressure.  The  rupturing  pressure  shall  be  legibly  marked  on  the  rupturing  member 
or  on  proper  attachment  thereof. 

(d)  There  shall  be  no  valve  between  any  pressure  relief  devices  and  the  receivers, 
condensers,  evaporators,  or  other  vessels  which  they  protect  or  between  automatic 
by-pass  devices  and  the  main  suction  line.  There  shall  be  also  no  valve  between 
any  rupture  member  or  fusible  plug  or  other  pressure  limiting  means  and  the  part  of 
the  equipment  protected  thereby,  except  that  service  valves  may  be  permitted  on 
Class  C  Equipment. 

(e)  All  piping,  and  liquid  receivers  containing  the  refrigerant,  shall  be  so  installed 
as  to  be  least  liable  to  damage  in  case  of  accident. 

(/)  Electrical  equipment  shall  be  installed  in  accordance  with  the  National 
Electrical  Code. 

(g)  In  Class  A  and  Class  B  equipment  there  shall  be  a  service  switch,  or  remote 
control  switch,  controlling  all  the  electrically  driven  refrigerating  machinery,  one 
control  of  which,  properly  labeled,  shall  be  located  outside  of  the  machinery  room, 
where  it  can  be  quickly  and  safely  reached  and  operated  in  case  of  an  emergency. 

(h)  Switchboards  and  high  tension  cables  shall  be  located  where  they  will  be  least 
liable  to  damage  if  an  accident  occurs  to  the  refrigerating  equipment. 

(i)  All  working  parts  of  refrigerating  machines,  prime  movers  and  drive  belts 
shall  be  guarded  in  accordance  with  the  provisions  of  the  National  Safety  Code  for 
Mechanical  Transmission  of  Power. 
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SECTION  30 
Operating  Precautions 

(a)  Containers  having  refrigerant  therein  shall  be  stored  in  a  cool,  well  ventilated 
place,  as  remote  as  possible  from  danger  by  heat  or  fire. 

(b)  Refrigerant  not  contained  in  the  refrigerating  system  shall  be  stored  only  in 
containers  conforming  with  the  regulations  of  the  Interstate  Commerce  Commission 
for  the  transportation  of  such  refrigerant. 

(c)  When  refrigerant  is  withdrawn  from  the  system,  it  shall  be  discharged  to  the 
outside  atmosphere  or  suitable  absorbent  or  stored  in  containers  conforming  with  the 
regulations  of  the  Interstate  Commerce  Commission  for  the  transportation  of  such 
refrigerant.    Care  shall  be  taken  to  prevent  escape  of  refrigerant  into  building. 

(d)  In  withdrawing  refrigerant  from  the  ecjuipment  into  containers,  they  shall  be 
placed  on  a  scale  and  shall  not  be  filled  to  more  than  allowed  capacity  as  prescribed 
by  Interstate  Commerce  Commission  regulations. 

(e)  Containers  shall  not  be  connected  to  the  system  except  during  period  of 
charging. 

if)  Repairs  to  refrigerant  lines  or  apparatus  shall  not  be  made  while  they  are 
under  pressure.  Tightening  of  bolts  or  flanged  joints  shall  be  done  at  a  reduced 
pressure. 

ig)  In  testing  systems  with  air  pressure  care  shall  be  taken  to  prevent  the  tem- 
perature at  any  point  rising  above  one  hundred  and  thirty  degrees  (130°)  F.  (hand 
warm). 

Part  I — Ammonia  Systems 

SECTION  100 

General  Requirements  for  Ammonia  Systems 
(See  also  General  Requirements,  Section  30.) 

(a)  Every  part  of  the  high  pressure  side  of  the  system  shall  be  designed  for  a 
maximum  allowable  working  pressure  of  at  least  two  hundred  (200)  pounds  per  square 
inch  gauge  pressure  and  every  part  of  the  low-pressure  side  shall  be  designed  for  a 
maximum  allowable  working  pressure  of  at  least  one  hundred  and  fifty  (150  pounds) 
per  square  inch  gauge  pressure.  A  factor  of  safety  of  five  (5)  shall  be  used  in  all 
designs,  except  for  gauges  and  control  mechanism. 

(b)  Every  vessel  in  the  system,  except  connecting  piping,  shall  be  marked  with 
the  maximum  allowable  working  pressure  and  shall  be  tested  hydrostatically  to  one 
and  one-half  (1^)  times  this  pressure  marking,  such  tests  to  be  conducted  in  accor- 
dance with  the  "Unfired  Pressure  Vessel  Code." 

SECTION   110 

Class  A  Equipment 

A  "Class  A  Equipment"  is  a  refrigerating  system  of  thirty  (30)  tons  capacity  or 
over,  or  containing  one  thousand  (1000)  pounds  of  ammonia  or  over. 

Rule  1100. — Pressure  Imposing  Element. 

(o)  Every  equipment  shall  be  provided  with  one  or  more  automatic  by-passes  of 
proper  size,  connected  between  each  main  discharge  stop  valve  and  the  pressure 
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imposing  element,  to  relieve  excessive  pressures  into  the  low  pressure  side,  on  either 
side  of  the  main  suction  stop  valve;  or,  as  an  alternative,  shall  be  provided  with  one 
or  more  pressure  relief  valves  of  proper  size  discharging,  during  the  period  of  excess 
pressure,  to  the  outside  atmosphere  (see  Rule  1103  (a)),  or  to  the  low-pressure  side 
when  a  pressure  relief  valve  is  installed  thereon  discharging  to  the  outside  atmosphere. 
These  pressure  relief  devices  shall  be  so  designed  and  installed  as  to  prevent  pressures 
in  the  high-pressure  side  exceeding  the  maximum  allowable  working  pressure.  The 
proper  (nominal  pipe)  sizes  of  such  devices  shall  be  as  follows: 

30  to    60  tons  capacity,  use  at  least  one    f  in.  device. 

60  to  100  tons  capacity,  use  at  least  one  1  in.  device. 
100  to  175  tons  capacity,  use  at  least  one  Ij  in.  device. 
175  to  250  tons  capacity,  use  at  least  one  Ih  in.  device. 
250  to  450  tons  capacity,  use  at  least  one  2  in.  device. 
450  to  900  tons  capacity,  use  at  least  two  2    in.  devices. 

(b)  Every  equipment  shall  have  an  automatic  pressure -hmiting  device,  acting 
directly  responsive  to  pressure,  to  stop  the  action  of  the  pressure -imposing  element 
at  a  pressure  not  higher  than  ninety  per  cent  (90%)  of  the  pressure  stamped  on  the 
pressure  relief  valve. 

(c)  A  cushioned  or  other  satisfactory  check  valve  shall  be  placed  in  the  discharge 
line  between  the  pressure-imposing  element  and  the  condenser. 

Rule  1101. — Liquid  Receiver,  Condenser,  Evaporator. 

(a)  Each  liquid  receiver,  shell  type  condenser  and  shell  type  evaporator,  which 
can  be  isolated,  shall  be  equipped  with  a  one-half  (5)  inch  automatic  by-pass  set 
to  discharge  at  a  pressure  not  higher  than  the  maximum  allowable  working  pressure, 
and  connected  at  the  highest  point  to  discharge  to  that  part  of  the  low-pressure  side 
of  the  equipment  protected  by  an  emergency  relief  device.  As  an  alternative,  a  pres- 
sure relief  valve  discharging  to  the  atmosphere  may  be  used.     (See  Rule  1103  (a).) 

Rule  1102. — Fire  Emergency  Devices. 

(a)  The  low-pre.ssure  side  of  every  equipment  shall  be  provided  with  a  hand- 
operated  relief  valve  for  discharging  the  ammonia  in  case  of  fire,  either  to  the  atmos- 
phere, to  a  suitable  body  of  water  or  through  a  mixer. 

(6)  The  hand-operated  relief  valve  shall  be  located  on  the  outside  of  the  wall  of 
the  engine  room,  or  shall  be  capable  of  operation  therefrom.  The  valve  or  operating 
mechanism  shall  have  a  protecting  cover. 

(c)  The  minimum  (standard  pipe)  sizes  of  the  hand  relief  valves  shall  be  as 
follows; 

1,000  to  1,800  lb.,  use  one  f  in.  valve. 
1,800  to  3,000  lb.,  use  one  1  in.  valve. 
3,000  to  5,250  lb.,  use  one  \\  in.  valve. 
5,250  to  7,500  lb.,  use  one  1|  in.  valve. 
7,500  to  13,500  lb.,  use  one  2  in.  valve. 
13,500  to  27,000  lb.,  use  one  3    in.  valve. 


Where  the  charge  is 


Rule  1103. — Refrigerant  Discharge. 

(a)  When  discharged  into  the  atmosphere,  the  ammonia  shall  be  conducted  by 
continuous  piping  to  an  outlet  turned  upward  and  equipped  with  a  suitable  diffuser, 
designed  to  mix  the  ammonia  with  air.     The  piping  from  the  hand  relief  valve  to 
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point  of  final  discharge,  including  the  diffuscr,  shall  be  such  as  not  to  impose  a 
resistance  head  of  more  than  ten  (10)  pounds  per  square  inch  on  the  discharge  side 
of  the  valve.  Such  piping  shall  be  used  only  for  ammonia  discharge  and  be  so 
located  that  the  gases  discharged  are  not  liable  to  become  ignited.  Outlets  from 
diffusers  shall  be  above  the  roof  of  any  building  within  fifty  (50)  feet. 

(6)  Outlets  from  atmospheric  pressure  relieve  devices  shall  connect  to  the  dis- 
charge pipe  specified  in  Paragraph  (a)  of  this  rule,  or  a  similar  pipe. 

(c)  In  localities  where  the  discharge  of  a  refrigerant  in  case  of  fire  comes  under 
the  direction  of  the  fire  department,  the  hand  relief  valve  shall  be  located  in  a  locked 
box,  which  can  be  opened  only  by  members  of  the  fire  department  by  means  of  a  fire 
department  key.  The  door  on  this  box  shall  be  on  the  public  thoroughfare  side  of 
the  building  wall.  If  this  is  impracticable,  the  door  shall  be  in  a  vestibule  having 
glass  panel  doors,  which  provide  easy  access  from  the  street.  The  door  of  the  box  shall 
be  at  a  height  of  not  more  than  five  (5)  feet  nor  less  than  two  (2)  feet  above  the  street 
or  vestibule  floor  level.  In  either  case  it  shall  be  in  a  place  as  remote  as  possible  from 
any  exhaust  vent  or  outlet  from  the  machinery  room.  At  the  discretion  of  the  fire 
department,  such  box  may  be  equipped  with  an  auxiliary  door,  also  locked,  to  be 
opened  only  by  such  persons  as  may  be  duly  authorized  by  the  fire  department  to 
make  repairs. 

('/)  The  protecting  box  shall  be  plainly  labeled  "For  Fire  Department  Use  Only." 
The  emergency  valve  shall  be  labeled  "Ammonia."  In  case  the  ammonia  is  to  be 
discharged  into  the  sewer,  as  provided  in  Paragraph  (e),  there  shall  be  also  within 
the  box  a  sign  reading  "Do  not  open  valve  until  water  is  flowing  into  the  mixer." 

(e)  When  the  local  fire  department  requires  that  a  refrigerant  be  discharged 
through  a  mixer  into  the  sewer,  there  shall  be  provided  a  check  valve  and  a  standard 
fire  department  connection  through  which  the  fire  department  supplies  the  necessary 
water  under  the  proper  pressure.  A  stop  valve  shall  be  installed  inside  the  building 
in  the  refrigerant  line  leading  to  the  mixer  hand  relief  valve  for  use  in  repairing  same. 
This  valve  shall  be  sealed  open,  except  for  and  during  repairs. 

(/)  The  fire  department  shall  make  at  least  an  annual  inspection  of  valves, 
emergency  means  and  mixer. 

Rule  1104. — Helmets  or  Masks. 

(a)  At  least  two  (2)  helmets  or  masks  of  approved  make,  tested  in  accordance 
with  the  requirements  of  the  United  States  Bureau  of  Mines  for  ammonia,  shall  be 
kept  in  operative  condition  and  available  for  the  immediate  use  of  responsible 
attendants,  who  shall  be  trained  in  their  use. 

(b)  Helmets  or  masks  shall  be  kept  in  a  place  easily  accessible  from  outisde  the 
machinery  room. 

Rule  1105. — Open  Flames. 

(a)  In  machinery  rooms,  there  shall  be  no  fire,  arc  light,  hot  surface  ignitor  or 
flame  open  to  the  atmosphere  of  the  room;  any  device  intended  to  adequarely  isolate 
the  fire,  arc  light,  hot  surface  ignitor  or  flame  shall  have  been  approved  by  a  com- 
petent laboratory  and  the  administrative  authority.  Internal  combustion  engines 
with  hot  surface  ignition  may  be  started  in  the  usual  manner. 

Rule  1100. — Electrical  Equipment. 

(a)  All  current  carrying  devices,  including  bus  bars,  operating  at  above  six 
hundred  i^'OOO)  volts  shall  have  aU  live  parts  in  tight  enclosures,  or  be  provided 
with  suitable  insulating  covering. 
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(b)  Extensive  electrical  equipment  other  than  that  essential  to  the  ice  making  or 
refrigerating  plant  shall  not  be  permitted  in  the  machinery  room. 

(c)  Transformers  with  primary  or  secondary  connections  above  six  hundred  (600) 
volts  shall  be  in  locked  vaults  which,  if  adjoining  the  machinery  room,  shall  be 
separated  therefrom,  preferably  by  unpierced  walls,  ceilings  and  floors  of  six  (6)  inches 
of  reinforced  concrete  or  its  equivalent.  All  conduit  ends  and  wall  openings  for 
conduits  entering  the  vault  shall  be  sealed.  (See  also  the  National  Electrical 
Code.) 


Note  E:  The  outlet  from  the  eiectoi  shall  be 
tour  times  the  area  of  "B"  wherever  possible 
Where  it  is  impossible  to  make  the  outlet 
lour  times  th(^  area  ot  water  inlet  under 
standard  conditions,  a  smaller  size  apparatus 
shall  be  used,  adjusted  to  the  possible  sue  of 
the  outlet 
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For  large  plants,  lyse  one  additional  miier 
of  maximum  capacity  for  each  additional 

24C  tons  or  fraction  thereof. 

Plants  containing  more  than  one  unit 
shall  be  independently  connected  to  mixer 
or  mixers  from  each  mam  suction  and  dis- 
charge line 
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X    inlet 
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refrigerant 

mixer 


t>hju:>t  to  generaloi 


Fig.  381. — Ammonia  Mixer  Valve. 


Rule  1107. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  shall  be  provided  with  pressure  gauges;  one  for  indicating 
pressure  in  condenser,  or  high-pressure  side,  and  one  for  indicating  pressure  in 
evaporator,  or  low-pressure  side. 

(6)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut-off 
valves.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  on  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least 
one-sixteenth  (ys)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not 
liable  to  be  transmitted  to  the  glass. 


Rule  1108. — Exits,  Ventilation. 

(a)  Each  machinery  room  shall  have  a  direct  exit  to  the  open  air,  or  to  a  room  or 
hall  from  which  gases  from  machinery  room  can  be  excluded  by  close  fitting  self- 
closing  door. 
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(6)  Vertical  and  horizontal  openings  that  permit  the  passage  of  gases  to  other 
parts  of  the  building,  which  are  not  a  part  of  the  refrigerating  plant,  shall  be  sealed 
or  provided  with  close  fitting  self-closing  door. 

(c)  Each  machinery  room  shall  be  provided  with  means  for  adequate  ventilation 
to  the  open  air,  either  direct  or  by  means  of  a  suitable  duct  or  ducts.  Where  a 
mechanical  system  of  ventilation  is  employed,  the  control  of  such  system  shall  be 
easily  accessible  and  located  outside  of  the  machinery  room. 

Rule  1109.— Charging. 

(a)  Every  equipment  shall  be  charged  through  a  connection  located  on  the  low 
pressure  side. 

SECTION    120 

Class  B  Equipment 

A  ''Class  B  Equipment"  is  a  refrigerating  system  of  less  than  thirty  (30)  tons 
capacity,  or  containing  less  than  one  thousand  (1000)  pounds  and  over  fifteen  (15) 
pounds  of  ammonia. 

Rule  1200. — Pressure  Imposing  Element. 

(a)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  be  provided  with  a  one-half  (2)  inch  automatic  by-pai<s 
connected  between  each  main  discharge  stop  valve  and  the  pressure-imposing  ele- 
ment to  relieve  excessive  pressure  into  the  low-pressure  side  on  either  side  of  the  main 
suction  stop  valve;  or  as  an  alternative  through  a  one-half  (5)  inch  (standard  pipe) 
pressure  relief  valve  discharging  as  specified  in  Rule  1203  (a),  or  to  the  low-pressure 
side.  These  pressure  relief  devices  shall  be  so  designed  and  installed  as  to  prevent 
pressures  in  the  high-pressure  side  exceeding  the  maximum  allowable  working 
pressure. 

(b)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  have  an  automatic  pressure-limiting  device,  acting  directly 
responsive  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element  at  a 
pressure  not  higher  than  ninety  per  cent  (90%)  of  the  pressure  stamped  on  the 
rehef  valve. 

Rule  1201. — Liquid  Receiver,  Condenser,  Evaporator. 

(a)  Each  liquid  receiver,  shell  type  condenser  and  shell  type  evaporator,  which 
can  be  isolated,  shall  be  equipped  with  a  one-half  (l)  inch  automatic  by-pass,  set  to 
discharge  at  a  pressure  not  higher  than  the  maximum  allowable  working  pressure, 
and  connected  at  the  highest  point,  to  discharge  to  that  part  of  the  low-pressure  side 
of  the  equipment  protected  by  an  emergency  relief  device.  As  an  alternative,  a  pres- 
sure relief  valve  discharging  to  the  atmosphere  may  be  used.    (See  Rule  1203  (a).) 

Rule  1202. — Fire  Emergency  Devices. 

(a)  Every  equipment  shall  be  provided  with  a  one-half  (i)  inch  pressure  relief 
valve  connected  to  the  low-pressure  side  of  the  equipment,  set  to  relieve  excessive 
[)ressure  in  a  manner  specified  in  Rule  1203  (a),  and  shall  discharge  at  a  pressure  not 
higher  than  the  maximum  allowable  working  pressure. 
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(h)  Class  B  Equipment  containing  less  than  one  hundred  (1001  lb.  of  ammonia 
and  so  designed  or  provided  with  devices  as  to  prevent  the  existence  of  pressures  in 
any  part  of  the  etjuipnient  in  excess  of  the  maximum  allowable  working  pressure 
may  be  protected  by  one  pressure  relief  valve. 

(c)  Class  B  Efiuipment  containing  less  than  one  hundred  (100)  lb.  of  ammonia, 
in  which  the  design  of  the  pressure-imposing  element  is  such  that  the  generation  of 
pressure  in  excess  of  the  maximum  allowable  working  pressure  is  impossible,  may  be 
protected  by  fusible  plugs  on  each  part  of  the  equipment  containing  ammonia 
which  can  be  exposed  to  heat  from  an  external  source,  provided  pressure  generated 
at  the  temperature  necessary  to  fuse  the  plug  is  less  than  the  maximum  working 
pressure. 
Rule  1203. — Refrigerant  Discharge. 

(a)  The  ammonia  passed  by  the  pressure  relief  devices  shall  be  discharged  either 
to  the  atmosphere  or  to  a  suitable  body  of  water. 

(b)  When  discharged  into  the  atmosphere,  the  ammonia  shall  be  conducted  by 
continuous  piping  to  an  outlet  turned  upward  and  equipped  with  a  suitable  diffuser, 
designed  to  mix  the  ammonia  with  air.  The  piping  from  the  pressure  relief  device 
to  point  of  final  discharge,  including  the  diffuser,  shall  be  such  as  not  to  impose  a 
resistance  head  of  more  than  ten  (10)  pounds  per  square  inch  on  the  discharge  side 
of  the  device.  Such  piping  shall  be  used  only  for  ammonia  discharge  and  be  so  located 
that  the  gases  discharged  are  not  liable  to  become  ignited.  Outlets  from  diffusers 
shall  be  above  the  roof  of  any  building  within  fifty  (50)  feet. 

(c)  When  the  ammonia  is  discharged  into  a  tank  of  water,  the  tank  shall  not 
be  used  for  any  other  purpose.  At  least  one  (1)  gallon  of  fresh  water  for  every 
pound  of  ammonia  contained  in  the  equipment  shall  automatically  be  maintained  in 
the  tank.  Provision  shall  be  made  to  prevent  the  water  from  freezing  without  the 
use  of  salt  or  other  chemicals. 

(r/)  The  tank  shall  be  substantially  constructed  with  a  hinged  cover  or,  if  it  is  of 
the  enclosed  type,  it  shall  have  both  a  water  inlet  and  a  vent  hole  at  the  top.  No 
horizontal  dimensions  of  the  tank  shall  be  greater  than  one-half  (^)  the  height. 
The  discharge  pipe  from  the  pressure  relief  devices  shall  be  so  attached  as  to  dis- 
charge the  refrigerant  at  the  center  of  the  bottom  and  that  portion  of  the  pipe  within 
the  tank  shall  be  of  lead  with  a  one-sixteenth  (re)  inch  vent  hole  above  the  water 
level.  The  tank  shall  be  securely  supported  and  firmly  braced.  There  shall  be  no 
opening  in  the  tank  below  the  water  level  and  the  water  level  shall  be  at  least  six 
(6)  inches  below  the  top  of  tank. 

Rule  1204. — Helments  or  Masks. 

(a)  At  least  one  (1)  helmet  or  mask  of  approved  make,  tested  in  accordance  with 
the  requirements  of  the  United  States  Bureau  of  Mines  for  ammonia,  shall  be  kept 
in  operative  condition  and  available  for  the  immediate  use  of  responsible  attendants, 
who  shall  be  trained  in  their  use. 

(6)   Helmets  or  masks  shall  be  kept  in  a  place  easily  accessible  from  outside  the 
machinery  room. 
Rule  1205. — Ope7i  Flames. 

(a)  In  machinery  rooms  there  shall  be  no  fire,  arc  light,  hot  surface  ignitor  or 
fiame  open  to  the  atmosphere  of  the  room;  any  device  intended  to  adequately  isolate 
the  fire,  arc  light,  hot  surface  ignitor  or  flame  shall  have  been  approved  by  a  com- 
petent laboratory  and  the  administrative  authority.  Internal  combustion  engines 
with  hot  surface  ignition  may  be  started  in  the  usual  manner. 
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Rule  1206. — Electrical  Equipment. 

(a)  All  cuiTont-carryinp;  devices,  including  bus  bars,  operating  at  above  six 
hundred  (600)  volts  shall  have  all  live  parts  in  tight  enclosures  or  be  provided  with 
suitable  insulating  covering. 

(6)  Extensive  electrical  equipment  other  than  that  essential  to  the  ice  making  or 
refrigerating  plant  shall  not  be  permitted  in  the  machinery  room. 

(c)  Transformers  with  primary  or  secondary  connections  above  six  hundred  (600) 
volts  shall  be  in  locked  vaults  which,  if  adjoining  the  machinery  room,  shall  be  sepa- 
rated therefrom,  preferably  by  unpierced  walls,  ceilings  and  floors  of  six  (6)  inches 
of  reinforced  concrete  or  its  equivalent.  All  conduit  ends  and  wall  openings  for 
conduits  entering  the  vault  shall  be  sealed.     (See  also  the  National  Electrical  Code.) 

Rule  1207. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  containing  over  one  hundred  (100)  lb.  of  ammonia  shall  be 
provided  with  pressure  gauges;  one  for  indicating  the  pressure  in  condenser  or  high- 
pressure  side  and  one  for  indicating  the  pressure  in  evaporator  or  low-pressure  side. 

(b)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic-closing  shut-off 
valves.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  in  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least 
one-sixteenth  (rg)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not 
liable  to  be  transmitted  to  the  glass. 

Rule  1208. — Exits,  Ventilation. 

(a)  Each  machinery  room  shall  have  a  direct  exit  to  the  open  air  or  to  a  room  or 
hall  from  which  gases  from  machinery  room  can  be  excluded  by  a  clo.se-fitting  self- 
closing  door. 

(6)  Vertical  and  horizontal  openings  that  permit  the  passage  of  gases  to  other 
parts  of  the  building,  which  are  not  a  part  of  the  refrigerating  plant,  shall  be  sealed 
or  provided  with  close-fitting  .self-closing  doors. 

(c)  Each  machinery  room  shall  be  provided  with  means  for  adequate  ventilation 
to  the  open  air,  either  direct  or  by  means  of  a  suitable  duct  or  ducts.  When  a  mechan- 
ical system  or  ventilation  is  employed,  the  system  shall  be  capable  of  producing  a 
complete  change  oi  air  at  least  once  in  five  (5)  minutes.  The  control  of  such  mechan- 
ical system  shall  be  easily  accessible  and  located  outside  of  the  machinery  room. 

Rule  1209.— Charging. 

Every  equipment  shall  be  charged  through  a  connection  located  on  the  low- 
pressure  side. 

SECTION   130 

Class  C  Equipment 

A  Class  C  Equipment  is  a  refrigerating  system  containing  fifteen  (15)  lb.  of 
ammonia  or  less. 

Rule  1300. — Pressure-Limiting  Devices^  {Operating  Safety  Provisions). 

(a)  Every  Class  C  Equipment  containing  more  than  ten  (10)  pounds  of  ammonia 
and  that  may  be  subjected  to  a  pressure  in  excess  of  the  maximum  allowable  working 

2  It  is  recommended  that  only  such  safety  devices  which  have  been  designated  as 
suitable  for  the  purpose  by  a  competent  disinterested  laboratory  be  used. 
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pressure,  by  the  action  of  the  pressure-imposing  element,  shall  be  provided  with  a 
pressure-limiting  device  to  stop  the  action  of  the  pressure-imposing  element. 

(b)  Such  pressure-Umiting  device  shall  be  so  constructed  and  connected  as  to 
act  directly  responsive  to  the  discharge  pressure.  There  shall  be  no  valve,  except 
necessary  service  valves,  between  this  device  and  the  pressure-imposing  element. 

(c)  Pressure-limiting  devices  shall  be  set,  marked  and  sealed  to  stop  the  action 
of  the  pressure-imposing  element  at  a  pressure  not  in  excess  of  the  maximum  allowable 
working  pressure,  or  shall  be  so  designed  that  they  cannot  be  adjusted  to  operate 
at  a  greater  pressure  than  the  pressure  stamped  thereon. 

Rule  1302. — Electrical  Equipment. 

(a)  All  electrical  equipment  shall  be  installed  in  accordance  with  the  National 
Electrical  Code. 

Part  II— Carbon  Dioxide  Systems 

SECTION  200 

General  Requirements  for  Carbon  Dioxide  Systems 

(a)  Every  part  of  the  high-pressure  side  of  the  system  shall  be  designed  for  a 
maximum  allowable  working  pressure  of  at  least  twelve  hundred  (1200)  pounds  per 
square  inch  gauge  pressure  and  every  part  of  the  low-pressure  side  shall  be  designed 
for  a  maximum  allowable  working  pressure  of  at  least  six  hundred  and  fifty  (650) 
pounds  per  square  inch  gauge  pressure.  A  factor  of  safety  of  five  (5)  shall  be  used 
in  all  designs,  except  for  gauges  and  control  mechanism. 

(b)  Every  vessel  in  the  system,  except  connecting  piping,  shall  be  marked  with 
the  maximum  allowable  working  pressure  and  shall  be  tested  hydrostatically  to  one 
and  one-half  (I5)  times  this  pressure  marking,  such  tests  to  be  conducted  in  accor- 
dance with  the  "Unfired  Pressure  Vessel  Code." 

SECTION  210 

Class  A  Equipment 

A  "Class  A  Equipment"  is  a  refrigerating  system  of  thirty  (30)  tons'  capacity 
or  over,  or  containing  one  thousand  (1000)  pounds  of  carbon  dioxide  or  over. 

Rule  2100. — Pressure-Imj)os%ng  Element. 

(a)  Every  equipment  shall  he  provided  with  one  pressure  relief  valve  of  proper 
size  connected  between  each  main  discharge  stop  valve  and  the  pressure-imposing 
element  to  relieve  excessive  pressures,  during  the  period  of  excess  pressure,  and  dis- 
charge into  the  machinery  room.  These  pressure  relief  valves  shall  be  so  designed 
as  to  prevent  pressures  in  the  high-pressure  side  exceeding  the  maximum  allowable 
working  pressure.  The  proper  (nominal  pipe)  sizes  of  the  pressure  relief  valves  shall 
be  as  follows: 

(     30  ton  to  175  ton,  use  at  least  one    \  in.  valve. 

For  equipment  of  from  \   175  ton  to  450  ton,  use  at  least  one    f  in.  valve. 
y  450  ton  to  900  ton,  use  at  least  one  1    in.  valve. 

(6)  Every  equipment  shall  have  an  automatic  pressure  limiting  device,  acting 
directly  responsive  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element 
at  a  pressure  not  higher  than  ninety  per  cent  (90%)  of  the  pressure  stamped  on  the 
pressure  relief  valve. 
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(c)  A  cushioned  or  other  satisfactory  check  valve  shall  be  placed  in  the  discharge 
line  between  the  pressure-imposing  element  and  the  condenser. 

Rule  2101. — Liquid  Receiver,  Condenser,  and  Shell  Type  Evaporator. 

(a)  Each  liquid  receiver,  battery  of  double  pipe  condenser,  shell  type  condenser, 
and  shell  type  evaporator  which  can  be  isolated,  shall  be  equipped  with  a  one-half 
(5)  inch  pressure  relief  valve  set  to  discharge  at  a  pressure  not  higher  than  the 
maximum  allowable  working  pressure,  and  connected  at  the  highest  point  to  dis- 
charge into  the  machinery  room. 

(b)  The  low-pressure  side  of  every  equipment,  except  where  the  cooling  surface 
is  entirely  submerged  in  a  liquid,  shall  be  provided  with  a  one-half  (J)  inch  pressure 
relief  valve  designed  to  prevent  pressures  in  the  low-pressure  side  exceeding  the 
maximum  allowable  working  pressure,  and  discharging  into  the  machinery  room. 

(c)  In  place  of  each  relief  device  (Rule  2101  (a)  and(6)),  a  rupture  member  may 
be  employed  and  its  discharge  side  piped  to  the  outside  of  the  building.  The  rupture 
member  shall  be  designed  to  rupture  at  the  maximum  allowable  working  pressure  of 
the  vessel  to  which  it  is  connected. 

(d)  Piping  from  rupture  members  may  be  joined  to  a  common  pipe  and  thence 
piped  to  the  outside  of  the  building.  No  piping  from  rupture  members  shall  be  less 
than  one-half  (|)  inch  iron  pipe  size,  and  for  each  one  hundred  (100)  feet  of  run  the 
pipe  shall  increase  one  pipe  size.  The  free  end  of  any  pipe  shall  be  protected  by  a 
suitable  gooseneck  or  screen. 

(e)  The  rupture  members  shall  be  designed  to  prevent  their  rupture  parts  enter- 
ing the  discharge  pipe  connections. 

(f)  The  rupture  orifice  for  any  rupture  member  shall  be  not  less  than  one-quarter 
(i)  inch  in  diameter  and  the  orifice  diameter  shall  be  legibly  stamped  on  the  outside 
of  the  rupture  member  ]:)ody. 

(g)  In  place  of  pressure  relief  valves  mentioned  in  Rules  2100  (a)  and  2101  (a), 
(6),  (c),  and  (d)  combination  devices  consisting  of  a  rupture  element  and  a  relief  valve 
may  be  used.  These  devices  shall  function  at  the  maximum  allowable  working 
pressure.  The  dimensions  of  the  combination  devices  shall  be  the  same  as  specified 
for  relief  valves  and  ruptui'e  members,  except  that  no  rupture  element  in  a  combina- 
tion device  shall  have  an  orifice  less  than  one-half  (h)  inch  in  diameter.  The  relief 
element  may  discharge  into  the  machinery  room.  This  combination  device  shall  be 
so  designed  that  pressure  is  exerted  against  the  relief  valve  only  after  the  rupture 
element  has  functioned. 

Rule  2102. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  shall  be  provided  with  pressure  gauges;  one  for  indicating 
pressure  in  condenser,  or  high-pressure  side,  and  one  for  indicating  pressure  in 
evaporator  or  low-pressure  side. 

(6)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut- 
off  valves.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  on  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least  one- 
sixteenth  (pe)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not  liable 
to  be  transmitted  to  the  glass. 

Rule  2103. — Exits,  Ventilation. 

(a)  Each  machinery  room  shall  have  a  direct  exit  to  the  open  air,  or  to  a  room  or 
hall  from  which  gases  from  machinery  room  can  be  excluded  by  close  fitting  door. 
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(b)   Each    machinery    room    shall    be    provided  with    adequate  ventilation,   as 
follows: 

(1)  Where  the  machinery  room  floor  level  is  not  more  than  four  (4)  feet  below 

grade,  natural  ventilation,  to  outside  atmosphere,  by  means  of  doors  or 
windows  or  both  may  be  employed. 

(2)  Where  the  combined  floor  area  of  the  machinery  room  and  adjacent  halls 

or  rooms  is  not  less  than  one  (1.0)  square  foot  for  each  pound  of 
carbon  dioxide  in  the  system,  no  mechanical  means  of  ventilation  need 
be  employed,  provided: 

a'.  The  machinery  room  and  adjacent  halls  or  rooms  are  connected 
with  the  machinery  room  by  means  of  at  least  two  doors  or 
windows  or  equivalent  wall  openings  and  the  sills  of  such 
doors,  windows  or  equivalent  wall  openings  are  not  more  than 
twelve  (12)  inches  above  the  machinery  room  floor. 
b'.  The  floor  level  of  the  adjacent  halls  or  rooms  is  not  more  than 
three  (3)  feet  below  the  sill  of  a  connecting  door,  window  or 
equivalent  wall  opening. 

(3)  Where  a  mechanical  system  of  ventilation  is  employed,  the  control  of 

such  system  shall  be  easily  accessible  and  located  outside  of  the 
machinery  room.  The  center  line  of  the  fan  suction  or  the  intake  ends 
of  the  suction  duct  shall  be  within  twelve  (12)  inches  of  the  machinery 
room  floor  level. 

Rule  2104. — Charging. 

(a)  Every  equipment  .shall  be  charged  through  a  connection  located  on  the  low 
pressure  side. 

SECTION  220 

Class  B  Equipment 

A  "Class  B  Equipment"  is  a  refrigerating  system  of  less  than  30-ton  capacity, 
or  containing  less  than  oae  thousand  (1000)  pounds  of  carbon  dioxide  and  over 
twenty-five  (25)  pounds  of  carbon  dioxide. 

Rule  2200. — Presfiure-Imposing  Element. 

(a)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  be  provided  with  one  pressure  relief  valve  of  at  least  one- 
half  {\)  inch  (nominal  pipe)  size  connected  between  each  main  discharge  stop  valve 
and  the  pressure-imposing  element  to  relieve  excessive  pressures,  during  the  period 
of  excess  pressure,  and  discharge  into  the  machinery  room.  This  pressure  relief 
valve  shall  be  so  designed  as  to  prevent  pressures  in  the  high-pressure  side  exceeding 
the  maximum  allowable  working  pressure. 

(b)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  have  an  automatic  pressure  limiting  device,  acting  directly 
responsive  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element  at  a 
pressure  not  higher  than  ninety  per  cent  (90%)  of  the  pressure  stamped  on  the  rehef 
valve. 
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Rule  2201. — Liquid  Receiver,  Condenser  and  Shell  Type  Evaporator. 

(a)  Each  liquid  receiver,  battery  of  double  pipe  condenser,  shell  type  condenser 
and  shell  type  evaporator,  which  can  be  isolated,  shall  each  be  equipped  with  a  one- 
half  (2)  inch  pressure  relief  valve  set  to  discharge  at  a  pressure  not  higher  than  the 
maximum  allowable  working  pressure,  and  connected  at  the  highest  point  to  dis- 
charge into  the  machinery  room. 

(b)  The  low-pressure  side  of  every  equipment  containing  more  than  five  hundred 
(500)  pounds  of  carbon  dioxide,  except  where  the  low-pressure  side  cooling  surface 
is  entirely  submerged  in  a  liquid,  shall  be  equipped  with  not  less  than  a  one-half  (5) 
inch  pressure  relief  valve  set  to  discharge  at  a  pressure  not  higher  than  the  maximum 
allowalile  working  pressure. 

(c)  On  equipments  containing  less  than  five  hundred  (500)  pounds  of  carbon 
dioxide,  a  rupture  member  of  not  less  than  one-quarter  (j)  inch  diameter  of  orifice 
may  be  provided  as  an  alternate  to  the  pressure  relief  valve.  The  rupture  member 
shall  be  designed  to  rupture  at  the  maximum  allowable  working  pressure,  and  may 
be  fitted  to  discharge  into  the  machinery  room. 

(d)  In  place  of  each  pressure  relief  valve  (Rule  2201  (a)  and  (b)),  a  rupture  mem- 
ber may  be  employed  and  its  discharge  side  piped  to  the  outside  of  the  building, 
except  that  in  equipments  containing  less  than  five  hundred  (500)  pounds  of  carbon 
dioxide,  the  rupture  member  may  discharge  into  the  machinery  room.  The  rupture 
member  shall  be  designed  to  rupture  at  the  maximum  allowable  working  pressure  of 
the  vessel  to  which  it  is  connected. 

(e)  Piping  from  rupture  members  may  bejoined  to  a  common  pipe  and  thence 
piped  to  the  outside  of  the  building.  No  piping  from  rupture  members  shall  be  less 
than  one-half  (|)  inch  iron  pipe  size  and  for  each  one  hundred  (100)  feet  of  run  the 
pipe  shall  increase  one  pipe  size.  The  free  end  of  any  pipe  shall  be  protected  by  a 
suitable  gooseneck  or  screen. 

(/)  The  rupture  members  shall  be  designed  to  prevent  their  ruptured  parts 
entering  the  discharge  pipe  connections. 

ig)  The  rupture  orifice  for  any  rupture  member  shall  be  not  less  than  one-quarter 
(j)  inch  in  diameter  and  the  orifice  diameter  shall  be  legibly  stamped  on  the  outside 
of  the  rupture  member  body. 

(h)  In  place  of  pressure  relief  devices  mentioned  in  Rules  2200  (a)  and  2201  (n), 
(b),  (c),  and  (d),  combination  devices  consisting  of  a  rupture  element  and  a  pressure 
relief  valve  may  be  used.  These  devices  shall  function  at  the  maximum  allowable 
working  pressure.  The  dimensions  of  the  combination  devices  shall  be  the  same  as 
specified  for  relief  valves,  except  that  no  rupture  element  in  a  combination  device 
shall  have  an  orifice  less  than  one-half  (5)  inch  in  diameter.  The  relief  element  maj^ 
discharge  into  the  machinery  room.  This  combination  device  shall  he  so  designed 
that  pressure  is  exerted  against  the  relief  valve  only  after  the  rupture  element  has 
functioned. 

Rule  2202. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  shall  be  provided  with  pressure  gauges;  one  for  indicating 
pressure  in  condenser  or  high-pressure  side  and  ^ne  for  indicating  pressure  in 
evaporator  or  low-pressure  side. 

(5)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut-off 
valves.  Such  glasses  shall  be  protected  bj^  enclosing  them  in  metal  casings  having 
longitudinal  slots  on  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least 
one-sixteenth  (j^)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not 
liable  to  be  transmitted  to  the  glass. 
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Rule  2203. — Exits,  Venlilation. 

(a)  Each  machinery  room  shall  have  a  direct  exit  to  the  open  air,  or  to  a  room  or 
hall  from  which  gases  from  machinery  room  can  be  excluded  by  close  fitting  door. 

(6)  Each  machinery  room  shall  be  provided  with  adequate  ventilation,  as 
follows: 

(1)  WTiere  the  machinery  room  floor  level  is  not  more  than  four  (4)  feet  below 

grade,  natural  ventilation,  to  outside  atmosphere,  by  means  of  doors  or 
windows  or  both  may  be  employed. 

(2)  Where  the  combined  floor  area  of  the  machinery  room  and  adjacent  halls 

or  rooms  is  not  less  than  one  (1.0)  square  foot  for  each  pound  of  carbon 
dioxide  in  the  system,  no  mechanical  means  of  ventilation  need  be 
employed,  provided: 

a'.  The  machinery  room  and  adjacent  halls  or  rooms  are  connected 
with  the  machinery  room  by  means  of  at  least  two  doors  or 
windows  or  equivalent  wall  openings  and  the  sills  of  such 
doors,  windows  or  equivalent  wall  openings  are  not  more 
than  twelve  (12)  inches  above  the  machinery  room  floor. 
b'.  The  floor  level  of  the  adjacent  halls  or  rooms  is  not  more  than 
three  (3)  feet  below  the  sill  of  a  connecting  door,  window  or 
equivalent  wall  opening. 

(3)  Where  a  mechanical  system  of  ventilation  is  employed,   the  control  of 

such  system  shall  be  easily  accessible  and  located  outside  of  the 
machinery  room.  The  center  line  of  the  fan  suction  or  the  intake  ends 
of  the  suction  duct  shall  be  within  twelve  (12)  inches  of  the  machinery 
room  floor  level. 

(c)  On  systems  containing  less  than  five  hundred  (500)  pounds  of  carbon  dioxide 
and  where  the  combined  machinery  room  floor  space  and  adjacent  floor  space 
approximately  on  the  same  level,  communicable  by  door,  is  not  less  than  two  hundred 
(200)  square  feet  floor  area,  no  mechanical  means  of  ventilation  need  be  provided. 

Rule  2204:.— Charging. 

(a)  Every  equipment  shall  be  charged  through  a  connection  located  on  the  low- 
pressure  side. 

SECTION   230 

Class  C  Equipment 

A  "Class  C  Equipiuent"  is  a  refrigerating  system  containing  twenty-five  (25) 
pounds  of  carbon  dioxide  or  less. 

Rule  2300. — Pressure  Limiting  Devices'^  (Operating  Safety  Provisions). 

(a)  Every  Class  C  Equipment  shall  be  provided  with  at  least  one  rupture  member 
designed  to  rupture  at  not  higher  than  the  maximum  allowable  working  pressure. 
The  rupture  member  may  discharge  into  the  building  space  occupied  by  the  equip- 
ment. 

"*  It  is  recommended  that  only  such  devices  which  have  bean  designated  as 
suitable  for  the  purpose  by  a  competent  disinterested  laboratory  be  used. 
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(h)  Every  Class  C  Equipment  containing  more  than  fifteen  (15)  pounds  of  carbon 
dioxide  and  that  may  be  subjected  to  a  pressure  in  excess  of  the  maximum  allowable 
working  pressure  by  the  action  of  the  pressure-imposing  element,  shall  be  provided 
with  a  pressure-limiting  device  to  stop  the  action  of  the  pressure-imposing  element. 

(c)  Such  pressure-limiting  device  shall  be  so  constructed  and  connected  as  to  act 
directly  responsive  to  the  discharge  pressure.  There  shall  be  no  valve,  except  neces- 
sary service  valves,  between  this  device  and  the  pressure-imposing  element. 

(d)  Pressure-limiting  devices  shall  be  set,  marked  and  sealed  to  stop  the  action 
of  the  pressure-imposing  element  at  a  pressure  not  in  excess  of  the  maximum  allowable 
working  pressure,  or  shall  be  so  designed  that  they  cannot  be  adjusted  to  operate  at 
a  greater  pressure  than  the  pressure  stamped  thereon. 

Rule  2301. — Electrical  Equipment. 

(a)  \]\  electrical  equipment  shall  be  installed  in  accordance  with  the  National 
Electrical  Code. 

Part  III — Sulphur  Dioxide  Systems 

SECTION   300 

General  Requirements  for  Sulphur  Dioxide  Systems 

(a)  Every  part  of  the  high-pressure  side  of  the  system  shall  be  designed  for  a 
working  pressure  of  at  least  seventy-five  (75)  pounds  per  square  inch  gauge  pressure 
and  every  part  of  the  low-pressure  side  shall  be  designed  for  a  working  pressure  of  at 
least  thirty-five  (35)  pounds  per  square  inch  gauge  pressure.  A  factor  of  safety  of 
five  (5)  shall  be  used  in  all  designs,  except  for  gauges  and  control  mechanism. 

(b)  Every  vessel  in  the  system,  except  connecting  piping,  shall  be  marked  with 
the  maximum  allowable  working  pressure  and  shall  be  tested  hydrostatically  to  one 
and  one-half  (I5)  times  this  pressure  marking,  such  tests  to  be  conducted  in  accor- 
dance with  the  "Unfired  Pressure  Vessel  Code." 

SECTION   320 

Class  B  Equipment 

A  "Class  B  Equipment"  is  a  refrigerating  system  of  less  than  thirty  (30)  tons' 
capacity,  or  containing  less  than  one  thousand  (1000)  pounds  and  over  fifteen  (15) 
pounds  of  sulphur  dioxide. 

Rule  3200. — Pressure- 1 7n posing  Element. 

(a)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  be  provided  with  a  one-half  (^)  inch  automatic  by-pass 
connected  between  each  main  discharge  stop  valve  and  the  pressure-imposing 
element  to  relieve  excessive  pressure  into  the  low-pressure  side  on  either  side  of  the 
main  suction  stop  valve;  or,  as  an  alternative,  through  a  one-half  (i)  inch  (standard 
pipe)  pressure  relief  valve  discharging  as  specified  in  Rule  3203.  These  automatic 
by-passes  or  pressure  relief  valves  shall  be  so  designed  as  to  prevent  pressures  in  the 
high-pressure  side  exceeding  the  maximum  allowable  working  pressure. 

(b)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  have  an  automatic  pressure-limiting  device,  acting  directly 
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responsive  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element  at  a 
pressure  not  higher  than  ninety  per  cent  (90%)  of  the  maximvun  allowable  working 
pressure. 

Rule  3201. — Liquid  Receiver,  Condenser,  Evaporator. 

(a)  Each  liquid  receiver,  shell  type  condenser  and  shell  type  evaporator,  which 
can  be  isolated,  shall  be  equipped  with  a  one-half  (^)  inch  automatic  by-pass,  set  to 
discharge  at  a  pressure  not  higher  than  the  maximum  allowable  working  pressure, 
and  connected  at  the  highest  point,  to  discharge  to  that  part  of  the  low-pressure  side 
of  the  equipment  protected  by  an  emergency  relief  device.  As  an  alternative,  a 
pressure  relief  valve  discharging  to  the  atmosphere  may  be  used.       (See  Rule  3203.) 

Rule  3202. — Fire  Emergency  Devices. 

(a)  Every  equipment  shall  be  provided  with  a  one-half  (§)  inch  pressure  relief 
valve  connected  to  the  low-pressure  side  of  the  equipment,  set  to  relieve  excessive 
pressures  in  a  manner  specified  in  Rule  3203.  These  devices  shall  discharge  at  a 
pressure  not  higher  than  the  maximum  allowable  working  pressure. 

(b)  Class  B  Equipment  containing  less  than  one  hundred  (100)  pounds  of  sul- 
phur dioxide  and  so  designed  or  provided  with  devices  as  to  prevent  the  existence  of 
pressures  in  any  part  of  the  equipment  in  excess  of  the  maximum  allocable  ^^•orking 
pressure,  may  be  protected  by  one  pressure  relief  valve. 

(c)  Class  B  Equipment  containing  less  than  one  hundred  (100)  pounds  of  sulphur 
dioxide,  in  which  the  design  of  the  pressure-imposing  element  is  such  that  the  genera- 
tion of  pressure  in  excess  of  the  maximum  allowable  working  pressure  is  impossible, 
may  be  protected  by  fusible  plugs  on  each  part  of  equipment  containing  sulphur 
dioxide  which  can  be  exposed  to  heat  from  an  external  source,  provided  the  pressure 
generated  at  the  temperature  necessary  to  fuse  the  plug  is  less  than  the  maximum 
allowable  working  pressure. 

Rule  3203. — Refrigerant  Discharge. 

(a)  The  sulphur  dioxide  passed  by  the  pressure  relief  devices  shall  be  discharged 
either  to  the  atmosphere  or  to  a  suitable  absorbent. 

(b)  When  discharged  into  the  atmosphere,  the  sulphur  dioxide  shall  be  conducted 
by  continuous  piping  to  an  outlet  turned  upward  and  equipped  with  a  suitable 
diffuser,  designed  to  mix  the  sulphur  dioxide  with  air.  The  piping  from  the  pressure 
relief  device  to  point  of  final  discharge,  including  the  diffuser,  shall  be  such  as  not 
to  impose  a  resistance  head  of  more  than  ten  (10)  pounds  per  square  inch  on  the 
discharge  side  of  the  device.  Such  piping  shall  be  used  only  for  sulphur  dioxide 
discharge. 

Rule  3204. — Hehneis  or  Masks. 

(a)  At  least  one  (1)  helmet  or  mask  of  approved  make,  tested  in  accordance  with 
the  requirements  of  the  United  States  Bureau  of  Mines  for  sulphur  dioxide,  shall  be 
kept  in  operative  condition  and  available  for  the  immediate  use  of  responsible  atten- 
dants, who  shall  be  trained  in  their  use,  when  the  refrigerant  charge  exceeds  twenty- 
five  (25)  pounds. 

(b)  Helmets  or  masks  shall  be  kept  in  a  place  easily  accessible  from  outside  the 
machinery  room. 

Rule  3205. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  containing  over  one  hundred  (100)  pounds  of  sulphur 
dioxide  shall  be  provided  with  pressure  gauges;    one  for  indicating  pressure  in  con- 
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denser  or  high-pressure  side  and  one  for  indicating  pressure  in  evaporator  or  low- 
pressure  side. 

(6)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut-off 
valves.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  in  two  opposites  sides.  The  walls  of  the  casing  shall  be  at  least 
one-sixteenth  (ys)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not 
liable  to  be  transmitted  to  the  glass. 

Rule  3206. — Exits,  Ventilation. 

(a)  Each  machinery  room  shall  have  a  direct  exit  to  the  open  air  or  to  a  room  or 
hall  from  which  gases  from  machinery  room  can  be  excluded  by  a  close  fitting,  self- 
closing  door. 

(b)  Vertical  and  horizontal  openings  that  permit  the  passage  of  gases  to  other 
parts  of  the  building,  which  are  not  a  part  of  the  refrigerating  plant,  shall  be  sealed  or 
provided  with  close-fitting,  self-closing  doors. 

(c)  Each  machinery  room  shall  be  provided  with  means  for  adequate  ventilation 
to  the  open  air,  either  direct  or  by  means  of  a  suitable  duct  or  ducts.  Where  a 
mechanical  system  of  ventilation  is  employed,  control  of  such  system  shall  be  located 
outside  the  machinery  room,  where  it  can  be  quickly  and  safely  reached  and  the  sys- 
tem started  in  case  of  an  emergency.  The  mechanical  system  shall  be  of  sufficient 
capacity  to  change  the  air  in  the  machinery  room  at  least  once  every  five  (5)  minutes. 

Ride  3207.— Charging. 

Every  equipment  shall  be  charged  through  a  connection  located  on  the  low- 
pressure  side. 

SECTION  330 

Class  C  Equipment 

A  Class  C  Equipment  is  a  refrigerating  system  containing  fifteen  (15)  pounds  of 
sulphur  dioxide  or  less. 

Rule  3300. — Pressure-Limiting  Devices^  (Operating  Safely  Provisions). 

(a)  Every  Class  C  Equipment  containing  more  than  (10)  pounds  of  sulphur 
dioxide  and  that  may  be  subjected  to  a  pressure  in  excess  of  the  maximum  allowable 
working  pressure,  by  the  action  of  the  pressure-imposing  element,  shall  be  provided 
with  a  pressure-limiting  device  to  stop  the  action  of  the  pressure-imposing  element. 

(b)  Such  pressure-limiting  device  shall  be  so  constructed  and  connected  as  to  act 
directly  responsive  to  the  discharge  pressure.  There  shall  be  no  valve,  except  neces- 
sary service  valves,  between  this  device  and  the  pressure-imposing  element. 

(c)  Pressure-limiting  devices  shall  be  set,  marked  and  sealed  to  stop  the  action 
of  the  pressure-imposing  element  at  a  pressure  not  in  excess  of  the  maximum  allowable 
working  pressure,  or  shall  be  so  designed  that  they  cannot  be  adjusted  to  operate 
at  a  greater  pressure  than  the  pressure  stamped  thereon. 

Rule  3301. ^Electrical  Equipment. 

(a)  .\11  electrical  equipment  shall  be  installed  in  accordance  with  the  National 
Electrical  Code. 

6  It  is  recommended  that  only  such  devices  wliich  have  been  designated  as 
suitable  for  the  purpose  by  a  competent  disinterested  laboratory  be  used. 
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Part  IV— Ethyl  and  Methyl  Chloride  Systems 

SECTION   400 

General  Requirements  for  Ethyl  and  Methyl  Chloride  Systems 

(a)  Every  part  of  the  high-pressure  side  of  the  system  shall  be  designed  for  the 
following  working  pressures: 

Systems  using  /  ^^^y^  Chloride,  at  least  35  lb.  per  sq.  in  gauge  pressure. 

I  Methyl  Chloride,  at  least  110  lb.  per  sq.  in.  gauge  pressure. 

Every  low-pressure  side  shall  be  designed  for  the  following  working  pressure 
as  follows: 

Systems  using  /  Ethyl  Chloride,  at  least  25  lb.  per  sq.  in.  gauge  pressure. 
I  Methyl  Chloride,  at  least  80  lb.  per  sq.  in.  gauge  pressure. 

A  factor  of  safety  of  five  (5)  shall  be  used  in  all  designs,  except  for  gauges  and 
control  mechanism. 

(b)  Every  vessel  in  a  refrigerating  system,  except  connecting  piping,  shall  be 
marked  with  the  maximum  allowable  working  pressure  and  shall  be  tested  hydro- 
statically  to  one  and  one-half  (1^)  times  this  pressure  marking.  Such  te^ts  to  be 
conducted  in  accordance  with  the  "Unfired  Pressure  Vessel  Code." 

SECTION  420 

Class  B  Equipment 

A  "Class  B  Equipment"  is  a  refrigerating  system  of  less  than  thirty  (30)  tons' 
capcity,  or  containing  less  than  one  thousand  (1000)  pounds  and  over  fifteen  (15) 
pounds  of  refrigerant. 

Rule  4200. — Pressure-Imposing  Element. 

(a)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maxinmm  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  be  provided  with  a  one-half  (§)  inch  automatic  by-pass 
connected  between  each  main  discharge  stop  valve  and  the  pressure-imposing  element 
to  relieve  excessive  pressure  into  the  low-pressure  side  on  either  side  of  the  main 
suction  stop  valve;  or,  as  an  alternative,  through  a  one-half  (5)  inch  (standard  pipe) 
pressure  relief  valve  discharging  as  specified  in  Rule  .4203  (a) .  These  pressure  relief 
devices  shall  be  so  designed  as  to  prevent  pressures  in  the  high-pressure  side  exceed- 
ing the  maximum  allowable  working  pressure. 

(6)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  have  an  automatic  pressure-limiting  device,  acting  directly 
responsible  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element  at  a 
pressure  not  higher  than  ninety  per  cent  (90%)  of  the  pressure  stamped  on  the  relief 
valve. 

Rule  4201. — Liquid  Receiver,  Condenser,  Evaporator. 

(a)  Each  liquid  receiver,  shell  type  condenser  and  shell  type  evaporator,  which 
can  be  isolated,  shall  be  equipped  with  a  one  half  (|)  automatic  by-pass,  set  to  dis- 
charge at  a  pressure  not  higher  than  the  maximum  allowable  working  pressure  and 
connected  at  the  highest  point,  to  discharge  to  the  low-pressure  side  of  the  equip- 


THE   MECHANICAL  REFRIGERATING   SAFETY  CODE         G21 

ment.    As  an  alternative,  a  pressure  relief  device  discharging  to  the  atmosphere  may 
be  used.    See  Rule  4203  (a). 

Rule  4202. — Fire  Emergency  Devices. 

(a)  Every  equipment  shall  be  provided  with  a  one-half  (5)  inch  pressure  relief 
valve  connected  to  the  low-pressure  side  of  the  equipment,  set  to  relieve  excessive 
pressures  in  a  manner  specified  in  Rule  4203  (a),  and  shall  discharge  at  a  pressure 
not  higher  than  the  maximum  allowable  working  pressure. 

(b)  Class  B  Equipment  containing  less  than  100  pounds  of  refrigerant  and  so 
designed  or  provided  with  devices  as  to  prevent  the  existence  of  pressures  in  any 
part  of  the  equipment  in  excess  of  the  maximum  allowable  working  pressure  may  be 
protected  by  one  pressure  relief  valve. 

Rule  4203. — Refrigerant  Discharge. 

(a)  When  discharged  into  the  atmosphere,  the  refrigerant  shall  be  conducted  by 
continuous  piping  to  an  outlet  turned  upward  and  equipped  with  a  suitable  diffuser, 
designed  to  mix  the  refrigerant  with  air.  The  piping  from  the  pressure  relief  valve 
to  point  of  final  discharge,  including  the  diffuser,  shall  be  £uch  as  not  to  impose  a 
resistance  head  of  more  than  ten  (10)  pounds  per  square  inch  on  the  discharge  side 
of  the  valve.  Such  piping  shall  be  used  only  for  refrigerant  discharged  and  be  so 
located  that  the  gases  discharged  are  not  liable  to  become  ignited.  Outlets  from 
diff users  shall  be  above  the  roof  of  any  building  within  fifty  (50)  feet. 

(b)  Outlets  from  atmospheric  pressure  relief  devices  shall  connect  to  the  dis- 
charge pipe  specified  in  Paragraph  (o)  of  this  rule,  or  a  similar  pipe. 

(c)  The  fire  department,  if  any,  shall  make  at  least  an  annual  inspection  of  the 
equipment. 

Rule  4204.— Open  Flames. 

(a)  In  machinery  rooms  there  shall  be  no  fire,  arc  light,  or  flame  open  to  the 
atmosphere  of  the  room;  any  device  intended  to  adequately  isolate  the  fire,  arc 
light,  or  flame  shall  have  been  approved  by  a  competent  laboratory,  and  the 
administrative  authority. 

Rule  4205. — Electrical  Equipment. 

(a)  All  current  carrying  devices,  bus  bars,  commutators,  collector  rings,  brushes, 
etc.,  shall  have  all  live  parts  in  tight  enclosures,  or  be  provided  with  suitable  insulat- 
ing covering. 

{h)  Extensive  electrical  equipment  other  than  that  essential  to  the  ice  making  or 
refrigerating  plant  shall  not  be  permitted  in  the  machinery  room. 

(c)  All  starting  equipment,  if  placed  in  the  machinery  room,  including  switches, 
automatic  starters,  etc.,  shall  be  of  the  oil  immersed  or  vapor-proof  type. 

{d)  If  standard  open  type  starting  equipment  is  used,  it  shall  be  installed  in  a 
room  separated  from  the  machinery  room  by  vapor-tight  incombustible  partition. 
There  .shall  be  no  door  leading  directly  from  this  room  to  the  machinery  room. 
Stationary  fireproof  windows  may  be  installed.  A  remote  control  switch  or  switches 
of  approved  vapor-proof  type  may  be  installed  in  the  machinery  room  for  operating 
the  starters,  etc.,  located  in  the  switchboard  room. 

(e)  Transformers  shall  be  in  locked  vaults,  which,  if  adjoining  the  machinery 
room,  shall  be  separated  therefrom  preferably  by  unpierced  walls,  ceilings  and  floors 
of  six  (6)  inches  of  reinforced  concrete  or  its  equivalent.  All  conduit  ends  and  wall 
openings  for  conduits  entering  the  vault  shall  be  sealed.  See  also,  the  National 
Electrical  Code. 
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Rule  4206. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  shall  be  provided  with  pressure  gauges;  one  for  indicating 
pressure  in  condenser,  or  high-pressure  side,  and  one  for  indicating  pressure  in 
evaporator,  or  low-pressure  side. 

(b)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut- 
off  valves.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  on  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least  one- 
sixteenth  ixs)  iJich  thick  and  so  supported  that  impacts  on  the  casing  are  not  liable 
to  be  transmitted  to  the  glass. 

Rule  4207. — Exits,  Ventilation. 

(a)  Each  machinery  room  shall  have  direct  exit  to  the  open  air. 

(6)  The  machinery  room  shall  be  independently  provided  with  means  for  adequate 
ventilation  to  the  open  air. 

(c)  When  a  mechanical  system  of  ventilation  is  employed,  the  system  shall  be 
capable  of  producing  a  complete  change  of  air  at  least  once  in  five  (5)  minutes. 
The  control  of  such  mechanical  system  shall  be  easily  accessible  and  located  outside 
of  the  machinery  room. 

(d)  When  windows  are  used,  such  windows  shall  have  an  area  equal  to  at  least 
one  square  foot  to  each  five  (5)  square  feet  of  floor  area. 

Rule  4208. — Location. 

(a)  Machines  containing  between  12  and  100  pounds  of  refrigerant  shall  not  be 
installed  in  any  building  in  congested  districts  used  for  any  other  than  refrigerating 
purposes,  imless  such  building  is  of  fireproof  constrviction,  or  all  parts  of  the  equip- 
ment containing  the  refrigerant  are  isolated  by  fireproof  enclosures. 

(b)  Machines  containing  from  100  to  1000  pounds  of  refrigerant  located  in  con- 
gested districts,  shall  be  installed  only  in  fireproof  buildings  of  not  more  than  one 
story  in  height,  and  shall  be  located  on  the  grade  floor,  which  shall  be  of  unpierced 
fireproof  construction.  The  machinery  room  shall  be  cut  off  from  the  rest  of  the 
building  by  unpierced  fireproof  walls  of  not  less  than  eight  inches  of  brick  or  six 
inches  of  reinforced  concrete.  A  direct  exit  to  the  open  air  shall  be  provided.  All 
the  refrigerant  shall  be  confined  to  the  machinery  room. 

Rule  4209. — Charging. 

(a)  Every  equipment  shall  be  charged  through  a  connection  located  on  the  low- 
pressure  side. 

Rule  4210. — Precautions. 

(o)  "No  Smoking"  regulations  shall  be  vigorously  enforced. 

SECTION  430 

Class  C  Equipment 

A  "Class  C  Equipment"  is  a  refrigerating  system  containing  fifteen  (15)  pounds 
of  refrigerant  or  less. 

Rule  4300. — Pressure  Limiting  Devices^  {Operating  Safety  Provisions). 

(a)  Every  Class  C  Equipment  containing  more  than  ten  (10)  pounds  of  refrigerant 
that  may  be  subjected  to  a  pressure  in  excess  of  the  maximum  allowable  working 

^  It  is  recommended  that  only  such  devices  which  have  been  designated  as 
suitable  for  the  purpo.se  by  a  competent  disinterested  laboratory  be  used. 
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pressure,  by  the  action  of  the  pressure  imposing  element,  shall  be  provided  with  a 
pressure  limiting  device  to  stop  the  action  of  the  pressure  imposing  element. 

(b)  Such  pressure  limiting  device  shall  be  so  constructed  and  connected  as  to  act 
directly  responsive  to  the  discharge  pressure.  There  shall  be  no  valve,  except 
necessary  service  valves,  between  this  device  and  the  pressure  imposing  element. 

(c)  Pressure  limiting  devices  shall  be  set,  marked  and  sealed  to  stop  the  action 
of  the  pressure  imposing  element  at  a  pressure  not  in  excess  of  the  working  pressure, 
or  shall  be  so  designed  that  they  cannot  be  adjusted  to  operate  at  a  greater  pressure 
than  the  pressure  stamped  thereon. 

Rule  4301. — Electrical  Equipment. 

(c)  All  electrical  equipment  shall  be  installed  in  accordance  with  the  National 
Electrical  Code. 

Part  V — Hydro-Carbon  Systems 

SECTION   500 

General  Requirements  for  Hydko-carbon  Systems 

(a)  Every  part  of  the  high-pressure  side  of  the  system  shall  be  designed  for  the 
follow'ing  maximum  allowable  working  pressures: 

j  Ethane,  at  least  1000  lb.  per  sq.  in.  gauge  pressure. 
Propane,  at  least  200  lb.  per  sq.  in.  gauge  pressure. 
Freezol,  at  least  75  lb.  per  sq.  in.  gauge  pressure. 
Butane,    at  least      50  lb.  per  sq.  in.  gauge  pressure. 


Systems  using 


Every  part  of  the  low-pressure  side  shall  be  designed  for  the  following  maximum 
allowable  working  pressures: 

Ethane,  at  least  500  lb.  per  sq.  in.  gauge  pressure. 
Propane,  at  least  150  lb.  per  sq.  in.  gauge  pressure. 
Freezol,  at  least  35  lb.  per  sq.  in.  gauge  pressure. 
Butane,    at  least    25  lb.  per  sq.  in.  gauge  pressure. 


Systems  using 


A  factor  of  safety  of  five  (5)  shall  be  used  in  all  designs,  except  for  gauges  and 
control  mechanism. 

{b)  Every  vessel  in  the  system,  except  connecting  piping,  shall  be  marked  with 
the  maximum  allowable  working  pressure  and  shall  be  tested  hydrostatically  to 
one  and  one-half  (H)  times  this  pressure  marking,  such  tests  to  be  conducted 
in  accordance  with  the  "  Unfired  Pressure  Vessel  Code." 

SECTION   510 
Class  A  Equipment 

ETH.\NE propane 

A  "Class  A  Equipment"  is  a  refrigerating  system  of  thirty  (30)  tons  capacity 
or  over,  or  containing  one  thousand  (1000)  pounds  of  refrigerant  or  over. 

Rule  5100. — Pressure  Imposing  Element. 

(a)  Every  equipment  shall  be  provided  with  one  or  more  automatic  by-passes  of 
proper  size,  connected  between  each  main  discharge  stop  valve  and  the  pressure- 
imposing  element,  to  relieve  excessive  pressures  into  tb*-  'ow-pressure  side,  on  either 
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side  of  the  main  suction  stop  valve;  or,  as  an  alternative,  shall  be  provided  with  one 
or  more  pressure  relief  valves  of  proper  size  discharging,  during  the  period  of  excess 
pressure,  to  the  outside  atmosphere.  (See  Rule  5103  (a).)  These  pressure  relief 
devices  shall  be  so  designed  as  to  prevent  pressures  in  the  high-pressure  side  exceeding 
the  maximum  allowable  working  pressure.  The  proper  (nominal  pipe)  sizes  of  such 
devices  shall  be  as  follows: 

30  to    60  tons  capacity,  use  at  least  one    |  in.  device. 
60  to  100  tons  capacity,  use  at  least  one  1    in.  device. 

100  to  175  tons  capacity,  use  at  least  one  IJ  in.  device. 

175  to  250  tons  capacity,  use  at  least  one  1^  in.  device. 

250  to  450  tons  capacity,  use  at  least  one  2    in.  device. 

450  to  900  tons  capacity,  use  at  least  two  2  in.  devices. 


For  equipment  of  from 


(6)  Every  equipment  shall  have  an  automatic  pressure-limiting  device,  acting 
directly  responsive  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element 
at  a  pressure  not  higher  than  90%  of  the  pressure  stamped  on  the  relief  device. 

(c)  A  cushioned  or  other  satisfactory  check  valve  shall  be  placed  in  the  discharge 
line  between  the  pressure-imposing  element  and  the  condenser. 

Rule  5101. — Liquid  Receiver,  Condenser,  Evaporator. 

(a)  Each  liquid  receiver,  shell  type  condenser  and  shell  type  evaporator,  which 
can  be  isolated,  shall  be  equipped  with  a  one-half  (5)  inch  automatic  by-pass  set  to 
discharge  at  a  pressure  not  higher  than  the  maximum  allowable  working  pressure, 
and  connected  at  the  highest  point  to  discharge  to  that  part  of  the  low-pressure  side 
of  the  equipment  protected  by  an  emergency  relief  device.  As  an  alternative,  a 
pressure  relief  valve  discharging  to  the  atmosphere  may  be  used.    (See  Rule  5103  (a).) 

Rule  5102. — Fire  Emergency  Devices. 

(a)  The  low-pressure  side  of  every  equipment  shall  be  provided  with  a  hand 

operated  relief  valve  for  discharging  the  refrigerant  in  case  of  fire  to  the  atmosphere. 

(6)  The  hand  operated  relief  valve  shall  be  located  on  the  outside  of  the  wall  of 

the  engine  room,  or  shall  be  capable  of  operation  therefrom.    The  valve  or  operating 

mechanism  shall  have  a  protecting  cover. 

(c)  The  minimum  (standard  pipe)  sizes  of  the  hand  relief  valves  shall  be  as 
follows: 

1,000  to  1,800  lb.,  use  one  |  in.  valve. 
1,800  to  3,000  lb.,  use  one  1  in.  valve. 
3,000  to  5,250  lb.,  use  one  l\  in.  valve. 
5,250  to  7,500  lb.,  use  one  1|  in.  valve. 
7,500  to  13,500  lb.,  use  one  2  in.  valve. 
13,500  to  27,000  lb.,  use  one  3    in.  valve. 


Where  the  charge  is 


Rule  5103. — Refrigerant  Discharge. 

(o)  When  discharged  into  the  atmosphere,  the  refrigerant  shall  be  conducted  by 
continuous  piping  to  an  outlet  turned  upward  and  equipped  with  a  suitable  diffuser, 
designed  to  mix  the  refrigerant  with  air.  The  piping  from  the  hand  relief  valve  to 
point  of  final  discharge,  including  the  diffuser,  shall  be  such  as  not  to  impose  a 
resistance  head  of  more  than  ten  (10)  pounds  per  square  inch  on  the  discharge  side 
of  the  valve.  Such  piping  shall  be  used  only  for  refrigerant  discharge  and  be  so 
located  that  the  gases  discharged  are  not  liable  to  become  ignited.  Outlets  from 
diffusers  shall  be  above  the  roof  of  any  building  within  fifty  (50)  feet. 
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(b)  Outlets  from  atmospheric  pressure  relief  devices  shall  connect  to  the  dis- 
charge pipe  specified  in  Paragraph  (a)  of  this  rule,  or  a  similar  pipe. 

(c)  The  fire  department,  if  any,  shall  make  at  least  an  annual  inspection  of  the 
equipment. 

Rule  5104. — Open  Flames. 

(a)  In  machinery  rooms  there  shall  be  no  fire,  arc  light  or  flame  open  to  the 
atmosphere  of  the  room;  any  device  intended  to  adequately  isolate  the  fire,  arc  light 
or  flame  shall  have  been  approved  by  a  competent  laboratory  and  the  administrative 
authority. 

Rule  5105. — Electrical  Equipment. 

(a)  All  current  carrying  devices,  bus  bars,  commutators,  collector  rings,  brushes, 
etc.,  shall  have  all  live  parts  in  tight  enclosures,  or  be  provided  with  suitable  insulat- 
ing covering. 

(h)  Extensive  electrical  equipment  other  than  that  essential  to  the  ice  making  or 
refrigerating  plant  shall  not  be  permitted  in  the  machinery  room. 

(c)  All  starting  equipment,  including  switches,  automatic  starters,  etc.,  if  placed 
in  the  machinery  room,  shall  be  of  the  oil  immersed  or  vapor-proof  type. 

(f/)  If  standard  open  t3'pe  starting  equipment  is  used,  it  shall  be  installed  in  a 
room  separated  from  the  machinery  room  by  a  vapor-tight  incombustible  partition. 
There  shall  be  no  door  leading  directly  from  this  room  to  the  machinery  room.  Sta- 
tionary fireproof  windows  maj^  be  installed.  A  remote  control  switch  or  switches  of 
approved  vapor-proof  type  may  be  installed  in  the  machinery  room  for  operating 
the  starters,  etc.,  located  in  the  switchboard  room. 

(e)  Transformers  shall  be  in  locked  vaults,  which,  if  adjoining  the  machinery 
room,  shall  be  separated  therefrom  preferably  by  unpierced  walls,  ceilings  and  floors 
of  six  (6)  inches  of  reinforced  concrete  or  its  equivalent.  All  conduit  ends  and  wall 
openings  for  conduits  entering  the  vault  shall  be  sealed.  See  also  the  National 
Electrical  Code. 

Rule  5106. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  shall  be  provided  with  pressure  gauges;  one  for  indicating 
pressure  in  condenser,  or  high-pressure  side,  and  one  for  indicating  pressure  in 
evaporator,  or  low-pressure  side. 

(h)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut-off 
valve.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  on  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least  one- 
sixteenth  (ys)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not  liable 
to  be  transmitted  to  the  glass. 

Rule  5107. — Exits,  Ventilation. 

(a)  Each  machinery  room  shall  have  direct  exit  to  the  open  air. 

(h)  The  machinery  room  shall  be  independently  provided  with  means  for  adequate 
ventilation  to  the  open  air. 

(c)  When  a  mechanical  system  of  ventilation  is  employed,  the  system  shall  be 
capable  of  producing  a  complete  change  of  air  at  least  once  in  five  (5)  minutes.  The 
control  of  such  mechanical  system  shall  be  easily  accessible  and  located  outside  of 
the  machinery  room. 

(d)  When  windows  are  used,  such  windows  shall  have  an  area  equal  to  at  least 
one  square  foot  to  each  five  (5)  scjuare  feet  of  floor  area. 
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Rule  5108. — Location. 

(a)  Machines  shall  not  be  installed  in  any  buildings  located  in  congested  districts. 

(6)  Direct  expansion  shall  not  be  used,  unless  all  parts  of  the  equipment  con- 
taining refrigerant  be  confined  within  fireproof  enclosures. 

Rule  5109. — Charging. 

(a)  Every  equipment  shall  be  charged  through  a  connection  located  on  the  low 
pressure  side. 

Rule  5110. — Precautions. 

(a)  To  facilitate  the  location  of  leaks,  it  is  recommended  that  the  refrigerant  be 
slightly  odorized. 

(6)    "No  Smoking"  regulations  shall  be  vigorously  enforced. 

SECTION   520 

Class  B  Equipment 

ethane propane freezol butane 

A  "Class  B  Equipment"  is  a  refrigerating  system  of  less  than  thirty  (30)  tons 
capacity,  or  containing  less  than  one  thousand  (1000)  pounds  and  over  twelve  (12) 
povmds  of  refrigerant. 

Rule  5200. — Pressure-Imposing  Element. 

(a)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowable  working  pressure  by  the  action  of  the  pressure 
imposing  element,  shall  be  provided  with  a  one-half  (!)  inch  automatic  by-paps 
connected  between  each  main  discharge  stop  valve  and  the  pressure-imposing  element 
to  relieve  excessive  pressure  into  the  low-pressure  side  on  either  side  of  the  main 
suction  stop  valve;  or,  as  an  alternative,  through  a  one-half  (5)  inch  (standard  pipe) 
pressure  relief  valve  discharging  as  specified  in  Rule  5203  (a).  These  pressure  relief 
devices  shall  be  so  designed  as  to  prevent  pressures  in  the  high-pressure  side  exceeding 
the  maximum  allowable  working  pressure. 

(b)  Every  equipment,  except  that  which  cannot  be  subjected  to  a  pressure  in 
excess  of  the  maximum  allowsble  working  pressure  by  the  action  of  the  pressure- 
imposing  element,  shall  have  an  automatic  pressure-limiting  device,  acting  directly 
responsive  to  pressure,  to  stop  the  action  of  the  pressure-imposing  element  at  a  pres- 
sure not  higher  than  ninety  per  cent  (90%)  of  the  pressure  stamped  on  the  relief 
device. 

Rule  5201. — Liquid  Receiver,  Condenser,  Evaporator. 

(a)  Each  liquid  receiver,  shell  type  condenser  and  shell  type  evaporator,  which 
can  be  isolated,  shall  be  equipped  with  a  one-half  (i)  inch  automatic  by-pass,  set  to 
discharge  at  a  pressure  not  higher  than  the  maximum  allowable  working  pressure 
and  connected  at  the  highest  point,  to  discharge  to  the  low-pressure  side  of  the 
equipment.  As  an  alternative,  a  pressure  relief  valve  discharging  to  the  atmosphere 
may  be  used.    See  Rule  5203  (a). 

Rule  5202. — Fire  Emergency  Devices. 

(a)  Every  equipment  shall  be  provided  with  a  one-half  (5)  inch  pressure  relief 
valve  connected  to  the  low-pressure  side  of  the  equipment,  set  to  relieve  excessive 
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pressures  in  a  manner  specified  in  Rule  5203  (a),  and  shall  discharge  at  a  pressure 
not  higher  than  the  maximum  allowable  working  pressure. 

(b)  Class  B  Equipment  containing  less  than  100  pounds  of  refrigerant  and  so 
designed  or  provided  with  devices  as  to  prevent  the  existence  of  pressures  in  any 
part  of  the  equipment  in  excess  of  the  maximum  allowable  working  pressure  may  be 
protected  by  one  pressure  relief  valve. 

Rule  5203. — Refrigerant  Discharge. 

(a)  When  discharged  into  the  atmosphere,  the  refrigerant  shall  be  conducted  by 
continuous  piping  to  an  outlet  turned  upward  and  equipped  with  a  suitable  diffuser, 
designed  to  mix  the  refrigerant  with  air.  The  piping  from  the  pressure  relief  valve 
to  point  of  final  discharge,  including  the  diffuser,  shall  be  such  as  not  to  impose  a 
resistance  head  of  more  than  ten  (10)  pounds  per  square  inch  on  the  discharge  side 
of  the  valve.  Such  piping  shall  be  used  only  for  refrigerant  discharge  and  be  so  located 
that  the  gases  discharged  are  not  liable  to  become  ignited.  Outlets  from  diffusers 
shall  be  above  the  roof  of  any  building  within  fifty  (50)  feet. 

(h)  Outlets  from  atmospheric  pressure  relief  devices  shall  connect  to  the  dis- 
charge pipe  specified  in  Paragraph  (a)  of  this  rule,  or  a  similar  pipe. 

(c)  The  fire  department,  if  any,  shall  make  at  least  an  annual  inspection  of  the 
equipment. 

Rule  5204. — Open  Flames. 

(a)  In  machinery  rooms  there  shall  be  no  fire,  arc  light,  or  flame  open  to  the 
atmosphere  of  the  room;  any  device  intended  to  adequately  isolate  the  fire,  arc  light, 
or  flame  shall  have  been  approved  by  a  competent  laboratory  and  the  administrative 
authority. 

Rule  5205. — Electrical  Equipment. 

(a)  All  current  carrying  devices,  bus  bars,  commutators,  collector  rings,  brushes, 
etc.,  shall  have  all  live  parts  in  tight  enclosures,  or  be  provided  with  suitable  insulat- 
ing covering. 

(fe)  Extensive  electrical  equipment  other  than  that  essential  to  the  ice  making  or 
refrigerating  plant  shall  not  be  permitted  in  the  machinery  room. 

(c)  All  starting  equipment,  including  switches,  automatic  starters,  etc.,  if  placed 
in  the  machinery  room,  shall  be  of  the  oil  immersed  or  vapor-proof  type. 

((i)  If  standard  open  type  starting  equipment  is  used,  it  shall  be  installed  in  a 
room  separated  from  the  machinery  room  by  a  vapor-tight  incombustible  partition. 
There  shall  be  no  door  leading  directly  from  this  room  to  the  machinery  rooni. 
Stationary  fireproof  windows  may  be  installed.  A  remote  control  switch  or  switches 
of  approved  vapor-proof  type  may  be  installed  in  the  machinery  room  for  operating 
the  starters,  etc.,  located  in  the  switchboard  room. 

(e)  Transformers  shall  be  in  locked  vaults,  which,  if  adjoining  the  machinery 
room,  shall  Vje  separated  therefrom  preferably  by  unpierced  walls,  ceilings,  and  floors 
of  six  (6)  inches  of  reinforced  concrete  or  its  equivalent.  All  conduit  ends  and  wall 
openings  for  conduits  entering  the  vault  shall  be  sealed.  See,  also,  the  National 
Electrical  Code. 

Rule  5206. — Gauges,  Gauge  Glasses. 

(a)  Every  equipment  shall  be  provided  with  pressure  gauges;  one  for  indicating 
pressure  in  condenser,  or  high-pressure  side,  and  one  for  indicating  pressure  in 
evaporator,  or  low-pressure  side. 
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(b)  Refrigerant  level  gauge  glasses,  if  used,  shall  have  automatic  closing  shut-off 
valves.  Such  glasses  shall  be  protected  by  enclosing  them  in  metal  casings  having 
longitudinal  slots  on  two  opposite  sides.  The  walls  of  the  casing  shall  be  at  least 
one-sixteenth  (^t)  inch  thick  and  so  supported  that  impacts  on  the  casing  are  not 
liable  to  be  transmitted  to  the  glass. 

Rule  5207. — Exits,  V enlilation. 

(a)  Each  machinery  room  shall  have  direct  exit  to  the  open  air. 

(6)  The  machinery  room  shall  be  independently  provided  with  means  for  adequate 
ventilation  to  the  open  air. 

(c)  When  a  mechanical  system  of  ventilation  is  employed,  the  system  shall  be 
capable  of  producing  a  complete  change  of  air  at  least  once  in  five  (5)  minutes.  The 
control  of  such  mechanical  system  shall  be  easily  accessible  and  located  outside  of  the 
machinery  room. 

{d)  When  windows  are  used,  such  windows  shall  have  an  area  equal  to  at  least  one 
square  foot  to  each  five  (5)  square  feet  of  floor  area. 

Rule  5208. — Location. 

(a)  Machines  containing  between  12  and  100  pounds  of  refrigerant  shall  not  be 
installed  in  any  building  in  congested  districts  used  for  any  other  than  refrigerating 
purposes,  unless  such  building  is  of  fireproof  construction,  or  all  parts  of  the  equip- 
ment containing  the  refrigerant  are  isolated  by  fireproof  enclosures. 

(b)  Machines  containing  from  100  to  1000  pounds  of  refrigerant  located  in  con- 
gested districts,  shall  be  installed  only  in  fireproof  buildings  of  not  more  than  one 
story  in  height,  and  shall  be  located  on  the  grade  floor,  which  shall  be  of  unpierced 
fireproof  construction.  The  machinery  room  shall  be  cut  off  from  the  rest  of  the 
iiuilding  by  unpierced  fireproof  walls  of  not  less  than  eight  inches  of  brick  or  six 
inches  of  reinforced  concrete.  A  direct  exit  to  the  open  air  shall  be  provided.  All 
the  refrigerant  shall  be  confined  to  the  machinery  room. 

Rule  5209. — Charging. 

(a)  Every  equipment  shall  be  charged  through  a  connection  located  on  the  low- 
pressure  side. 

Rule  5210. — Precautions. 

(a)  To  facilitate  the  location  of  leaks,  it  is  recommended  that  the  refrigerant  be 
slightly  odorized. 

(6)   "No  Smoking"  regulations  to  be  vigorously  enforced. 

SECTION  530 

Class  C  Equipment 

butane — isobutane — propane 

A  "Class  C  Equipment"  is  a  refrigerating  system  containing  twelve  (12)  pounds  of 
refrigerant  or  less. 

Rule  5300. — Pressure-Limiting  Devices''  {Operating  Safety  Provision). 

(a)  Every  Class  C  Equipment  containing  more  than  eight  (S)  pounds  of  refrig- 
erant that  may  be  subjected  to  a  pressure  in  excess  of  the  maximum  allowable  working 

'  It  is  recommended  that  only  such  devices  which  have  been  designated  as  suitable 
for  the  purpose  by  a  competent  disinterested  laboratory  be  used. 
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pressure,  by  the  action  of  the  pressure-imposing  element,  shall  be  provided  with  a 
pressure-limiting  device  to  stop  the  action  of  the  pressure-imposing  element. 

(h)  Such  pressure-limiting  device  shall  be  so  constructed  and  connected  as  to  act 
directly  responsive  to  the  discharge  pressure.  There  shall  be  no  valve,  except 
necessary  service  valves,  between  this  device  and  the  pressure-imposing  element. 
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Fig.  382. — Sprinkler  Pipe  Arrangements. 

(c)  Pressure-limiting  devices  shall  be  set,  marked  and  sealed  to  stop  the  action  of 
the  pressure-imposing  element  at  a  pressure  not  in  excess  of  the  working  pressure,  or 
shall  be  so  designed  that  they  cannot  be  adjusted  to  operate  at  a  greater  pressure 
than  the  pressure  stamped  thereon. 

Rule  5301. — Electrical  Equipment. 

(a)  All  electrical  equipment  shall  be  installed  in  accordance  with  the  Nations! 
Electrical  Code. 
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SAFETY  DEVICES  AND   FIRE   PROTECTION 


Fire  Protection. — Complete  fire  protection  consists  of  automatic 
sprinklers,  alarm  service,  inside  protection,  including  a  gravity  or  pres- 
sure water  tank  and  an  outside  protection  which  must  needs  be  the  city 
water  supply  (if  under  sufficient  pressure)  or  a  separate  fire  pump 
installation. 

Sprinklers. — The  usual  sprinkler  head  is  designed  to  melt  at  165 
deg.  F.,  and  is  designed  to  be  spaced  from  8  to  12  ft.  apart.  For  cold 
storage  work  it  is  essential  that  the  piping  to  the  sprinklers  be  safe- 
guarded against  freezing.  In  such  cases  a  non-freezing  (brine)  solution 
can  be  used  or  a  dry  s^^stem  can  be  installed  using  compressed  air,  in 
which  case  (when  a  sprinkler  head  melts)  the  air  will  paiiS  out  through 


Fig.  383.— Dry  Pipe  Valve. 

the  sprinkler  head  first  and  will  be  followed  by  the  water.  If  a  dry  pipe 
sprinkler  system  is  employed,  then  a  calcium  chloride  reservoir,  as  shown 
in  Fig.  384,  is  advised  in  order  to  remove  the  water  in  the  compressed 
air. 

Typical  arrangements  of  piping  are  shown  in  Fig.  382.     The  usual 
number  of  sprinklers  to  be  supplied  by  different  sizes  of  pipe  are  shown 

in  Table  119. 

TABLE  119 


Diameter  of  Pipe, 

Maximum  Number 

Diameter  of  Pipe, 

Ma.ximum  Number 

Inches 

of  Sprinklers 

Inches 

of  Sprinklers 

3 

4 

1 

3 

36 

1 

2 

H 

55 

u 

3 

4 

80 

H 

5 

5 

140 

2 

10 

6 

200 

n 

20 

FIRE   PUMPS 
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Fire  Pumps. — Every  fire  protection  system  should  have  at  least  two 
independent  water  supplies,  one  of  which  must  be  automatic  with  a 
limited  water  supply  and  the  other  must  be  a  connection  to  the  public 
water  works,  if  under  sufficient  pressure,  or  a  separate  fire  pump  service. 
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Fig.  384.— Calcium  Chloride  Dryer. 


CHAPTER  XX 
COSTS   OF  REFRIGERATING    MACHINERY   AND   EQUIPMENT 

The  subject  of  costs  of  machinery  and  equipment  can  not  be  handled 
except  in  a  sviperficial  manner.  These  vahies  are  continually  changing 
with  the  price  of  pig  iron  and  steel  as  well  as  the  economic  conditions  of 
supply  and  demand  existing  from  tune  to  time.  These  purchase  prices 
increased  from  1913  to  1919  and  1920,  but  have  since  dropped  back,  and 
in  1927  they  appear  to  be  practically  constant. 

However,  it  will  be  found  that  the  estimates  of  various  manufac- 
turers will  vary  over  a  wide  range,  for  as  much  as  15  to  20  per  cent.  In 
equipment  such  as  the  common  atmospheric  condenser,  the  double  pipe 
condenser  (where  the  specifications  call  for  a  definite  amount  of  pipe 
and  fittings),  these  prices  should  be  in  close  agreement,  but  in  the  case 
of  compressors,  etc.,  the  quality  of  the  materials,  the  total  weight  and 
the  machine  work  and  care  in  the  assembly  may  not  be  comparable  at  all. 

The  following,  then,  are  not  intended  as  absolute  values  but  as 
approximate  only,  and  are  to  be  used  simply  as  a  rough  estimate  of  the 
possible  cost. 


TABLE  120 
Vertical  Enclosed  Ammonia  Compressors  (Belt-driven) 


Size,  Inches 


3X3  (single). 
3X3  (double) 

4  X   4 

5  X   5 

6  X  6 

6^X  6i 

7hX  7i 

8  X  8 

9  X  9 

10  XIO '.. 


Tonnage 


3 
5 
8 
10 
15 
20 
25 
35 


R.p.m. 


255 
258 
214 
192 
170 
170 
165 
173 
155 
158 


Weight, 
Pounds 


875 
1,075 
1,375 
2,050 
2,625 
2,975 
4,300 
5,700 
7,575 
10,800 


Price, 
Dollars 


$425 

510 

590 

720 

880 

920 

1200 

1460 

1920 

2930 


Above  includes  gages,  bolts  and  strainer  but  does  not  include  oil  trap. 
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TABLE   121 

Approximate  Data 

"H.D.A.  Belt-driven  Compressors" 

Size, 

R.p.m. 

B.  P., 

C.  P., 

Refrigera- 

Weight, 

Price, 

Inches 

Pounds 

Pounds 

tion,  Tons 

Pounds 

Dollars 

9    X16 

120 

19.58 

154.5 

32.0 

12,500 

2,400 

10^X18 

120 

19.58 

154.5 

49.0 

19,900 

3,300 

12   X24 

100 

19.58 

154.5 

71.0 

27,100 

4,200 

13^X26 

100 

19.58 

154.5 

97.8 

31,900 

4.800 

"H.D.A.  Corliss  Engine-driven  Compressors" 

9   X 13X26 

120 

19.58 

154.5 

32.0 

23,000 

4,800 

lOiX  15X18 

120 

19.58 

154.5 

49.0 

29,000 

6,700 

12    X 18X24 

100 

19.58 

154.5 

71.0 

45,500 

7,100 

13^X20X26 

100 

19.58 

154.5 

97.8 

55,500 

8,300 

"V.S.A.  Belt-driven  Compressors" 

9^X12 

100 

19.46 

154.5 

23.8 

15,500 

3,300 

12^X18 

90 

19.46 

154.5 

55.9 

32,500 

5,000 

13^X20 

85 

19.46 

154.5 

68.1 

54,000 

6,900 

15   X24 

80 

19.46 

154.5 

95.3 

76,000 

8,800 

16^X28 

75 

19.46 

154.5 

126.3 

88,000 

10,200 

"V.S.A.  Corliss  Engine-driven  Compressors" 

91X13X12 

100 

19.46 

154.5 

23.8 

20,400 

4,600 

12^X18X18 

90 

19.46 

154.5 

55.9 

37,000 

7,000 

13^^X20X20 

85 

19.46 

154.5 

68.1 

60,000 

11,600 

15   X22X24 

80 

19.46 

154.5 

95.3 

80,000 

15,200 

16^X24X28 

75 

19.46            154,5 

126.3 

102,000 

18,800 

"V.S.A.  Enclosed  Belt-driven  Compressors" 

8X8 

240            19.6 

154.5 

26.6 

7,760 

1,400 

10  xio 

225            19.6 

154.5 

48.8 

11,660 

2,000 

12   X12 

200            19.6 

154.5 

72.0 

22,230 

3,800 

"V.S.A.  Semi-enclosed  Belt-driven  Compressors" 

13   X14 

180            19.0              154.5 

95.3 

38,500 

6,300 

15   X16 

164            19.0              154.5 

132.5 

53,500 

8,100 

"V.S.A.  ] 

i^nclosed  Compressors  without  Wheel"  (for  Syn.  Motor  on 

Shaft) 

8X8 

240 

19.6 

154.5 

26.6 

5,800 

1,300 

10   XIO 

225 

19.6 

154.5 

48.8 

10,000 

1,900 

12   X12 

200 

19.6 

154.5 

72.0 

19,700 

3,600 

"V.S.A.  Semi 

-enclosed  Compressors  without  Wheel"  (for  Syn.  Motor  o 

n  Shaft) 

13   X14 

ISO 

19.0 

154.5 

95.3 

37,000 

6.100 

15    X16 

164 

19.0 

154.5 

132.5 

51,000 

8,400 
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TABLE  122 

Rolling  Mill  Type  (Belt-driven) 

(Compiled  1920) 


Size  of 

Compressor, 

Inches 

Total 

Weight, 
Pounds 

Selling 
Price, 
Dollars 

Maximum 
R.p.m. 

Capacity 

at  20  and 

175  Lb. 

6X12 
7X14 
8X16 

7,000 

8,300 

10,300 

1,320 
1,460 
1,670 

100 
100 
100 

9,65 
15.32 
23.65 

9X18 
10X20 
11X22 

13,000 
18,000 
22,500 

1,940 
2,420 

2,870 

100 
90 
90 

33.61 
40.40 
54.0 

12X24 
13X26 
14X28 

24,500 
32,500 
36,500 

3,295 
3,790 
4,210 

90 
80 
80 

76.2 

81.5 

161.6 

15X30 
16X32 
17X34 

42,500 
48,000 
52,500 

4,795 
5,570 
6,300 

80 
80 
75 

121.8 
147.0 
166.2 

18X36 
19X36 
19X38 

68,000 
75,000 
78,000 

7,730 
8,610 
9,030 

75 
75 
75 

196.8 
219.8 
232.0 

20X40 
21X42 

22X44 

88,000 
104,000 

10,300 
10,870 

70 
70 
65 

252.0 
293.5 
312.0 

23X46 
24X48 

65 
65 

357.0 
400.0 

Price  of  Suction  and  Discharge  Valves 


Size, 

Weight, 

Price, 

Size, 

Weight, 

Price, 

Inches 

Pounds 

Dollars 

Inches 

Pounds 

Dollars 

1| 

26 

30 

n 

26 

30 

4 

65 

57 

3A 

65 

50 

6 

120 

69 

5i 

120 

69 
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TABLE  123 
Ammonia  Receivers 


5-ton  receiver,    7  in.  diameter  X    9  ft.  long 

10-ton  receiver,  10  in.  diameter  X    8  ft.  long 

25-ton  receiver,  16  in.  diameter  X    8  ft.  long 

50-ton  receiver,  24  in.  diameter  X    8  ft.  long 

100-ton  receiver,  24  in.  diameter  X  12  ft.  long 


$  73 
104 
160 
275 
325 


TABLE  124 

Ice  Making  Plants  Complete 

The  mechanical  equipment  for  a  25-ton  plant  will  cost  approximately  $1100 
per  ton;  for  a  50-ton  plant,  $1000  per  ton,  and  for  a  100-ton  plant,  $900  per  ton. 
These  prices  would  cover  machinery,  including  motors,  cranes,  tanks,  cans,  coils, 
etc.,  erected  in  purchaser's  building.  The  ajjproximate  prices  do  not  include  founda- 
tions, insulation,  electric  wiring,  pipe  covering  and  such  items,  which  are  generally 
taken  care  of  by  the  purchaser  and  not  included  in  the  contract  with  ice  machine 
manufacturer. 


TABLE  125 
Horizontal  Shell  and  Tube  Brine  Coolers 


Capacity, 

Surface, 

Diameter, 

Length, 

Weight, 

Cost, 

Tons 

Square  Feet 

Inches 

Feet 

Pounds 

Dollars 

4 

75 

161 

8 

1,500 

300 

8 

150 

24 

12 

3,600 

550 

25 

400 

27 

16 

6,900 

950 

100 

1600 

46 

16 

16,300 

200 
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TABLE  126 


Steam-driven  Ammonia  Compressors 
(Compiled  1920) 


Size  of 

Compressor, 

Inches 

Size  of 
Engine, 
Inches 

Frame 

Main 

Bearing, 

Inches 

Weight  of 

Compressor 

and  Engine, 

Pounds 

Price,  Total, 
Dollars 

6X12 
7X14 
8X16 

8X18 

8X18 

9   X18 

00 
00 
00 

4|X   9 
4fX  9 
5^X  9 

14,500 
16,000 
17,500 

3,040 
3,265 
3,545 

9X18 
10X20 
11X22 

10X24 
12X24 
12X30 

0 
0 
] 

61X11 
6|X11 
7^X14 

25,500 
30,500 
37,000 

4,220 
4,950 
5,515 

12X24 
13X20 
14X28 

13X30 

14X30 

16    X30 

1 
2 
2 

8  X14 
8^X16 

9  X16 

41,500 
53,000 
58,000 

6,190 
7,090 
7,990 

15X30 
16X32 
17X34 

16X36 
18X36 
20X36 

2 
3 
3 

91X16 

10  X20 

11  X   20 

64,000 
74,000 
78,000 

8,440 
9,230 
9,965 

18X36 
19X36 
19X38 

20X42 
22X42 
22X42 

4 
4 
4 

11  X24 

12  X24 
12   X24 

108,000 
116,000 
120,000 

12,100 
12,940 
13,450 

20X40 
21X42 
22X44 

24X42 
24X48 
26X48 

4 
5 
5 

13   X24 
13   X28 
13   X28 

128,000 
148,000 
152,000 

14,850 
16,660 
17,665 

23X46 
24X48 

26X48 
28X48 

5 

5 

14    X28 
14   X28 

168,000 
186,000 

19,120 
21,380 

125-150  lb.  steam  pressure. 
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TABLE  127 

Belt-driven  Ammonia  Compressors 
(Compiled  1920) 

Duplex  Belt  Driven 


Band  Wheel 

Total 
Weight, 
Pounds 

r)   • 

Size, 
Inches 

Diameter, 
feet 

Face,  inches 

Weight, 
pounds 

Price, 
Dollars 

2-  6X12 
2-  7X14 
2-  8X16 

2-  9X18 
2-10x20 
2-11X22 

2-12x24 

7 
8 
9 

9 
10 
10 

14 

8 
11 
15 

21 
26 
32 

34 

4,500 
5,000 
7,000 

9,500 
11,000 
14,000 

16,500 

13,500 
15,500 
19,000 

25,500 
34,000 
42,000 

46,000 

2,475 
2,735 
3,400 

3,710 
4,500 
5,290 

5,850 

Duplex  Rope-driven  Heavy  Duty 


2-13X26 

16 

14,000 

56,000 

7,205 

2-14X28 

18 

17,000 

64,000 

7,950 

2-15X30 

20 

19,500 

74,000 

9,340 

2-16X32 

20 

23,000 

85,000 

10,500 

2-17X34 

22 

29,000 

94,000 

11,770 

2-18X36 

22 

35,000 

122,000 

13,930 
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TABLE  128 
Double  Pipe  Ammonia  Condenser 


Length 

Number 

Number 

Total 

Weight, 
Pounds 

Price, 
Dollars 

Tons 

Overall, 
Inches 

of 
Section 

of  Pipes 
per  Section 

Length  of 
Pipes,  Inches 

3 

12 

1 

0 

72 

1,200 

80 

4 

20 

1 

4 

80 

1,650 

75 

5 

20 

1 

5 

100 

1,800 

90 

6 

20 

1 

6 

120 

2,000 

105 

7 

20 

1 

7 

140 

2,200 

135 

8 

20 

1 

8 

160 

2,400 

155 

10 

20 

1 

10 

200 

2,700 

175 

12 

20 

1 

12 

240 

3,400 

230 

16 

20 

2 

8 

320 

4,600 

300 

18 

20 

2 

9 

360 

5,600 

310 

20 

20 

2 

10 

400 

6,200 

345 

22 

20 

2 

11 

440 

6,700 

420 

25 

20 

2 

12 

480 

6,900 

455 

30 

20 

4 

8 

560 

7,900 

600 

40 

20 

4 

10 

800 

11,800 

695 

50 

20 

4 

12 

960 

13,500 

910 

60 

20 

5 

12 

1200 

15,700 

1090 

70 

20 

6 

12 

1440 

19,000 

1360 

80 

20 

8 

10 

1600 

23,000 

1400 

90 

20 

8 

11 

1760 

24,250 

1610 

100 

20 

8 

12 

1960 

25,500 

1820 

120 

20 

10 

12 

2400 

27,000 

2280 

130 

20 

12 

11 

2640 

29,000 

2530 

190 

20 

13 

12 

3100 

36,400 

2760 

Price  includes  stands,  stop  valve  on  inlet,  valves  at  each  end. 
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TABLE  129 

Ammonia  Separators 

Horizontal  NH3  Separators 


Size  of 
Pipes, 

For  Compressor, 
Inches 

Diam- 
eter, 
Inches 

Length, 
Inches 

Thick- 
ness of 
Shell, 
Inches 

Thick- 
ness of 
Heads, 
Inches 

Weight, 
Pounds 

Price, 

Inches 

Simple 

Duplex 

Dollars 

U 

3 

4 
5 

7 
8 

6X12 

9X18 

12X24 

15X30 
19X38 
23X46 

12X24 

19X36 
22X44 

8 
10 
10 

12 
16 
20 
20 

24 
30 
30 

30 
30 
36 
36 

9 

32 

■h 
5 
15 

3 

8 

\ 
1 

2 

3 

8 

1 
2 

9 
T6 

3 
4 

15 
T6 

If 

100 
160 
160 

240 
350 

700 
700 

50 
75 

78 

97 
137 
195 
230 

TABLE  130 
Cost  of  Absorption  Machines 


Description  of  Material 


25-ton 

List, 

Dollars 


50-ton 

List, 

Dollars 


75-ton 

List, 

Dollars 


100-ton 

List, 
Dollars 


Generator 

Rectifier  (double  pipe) 

Exchanger  shell  and  coil 

Weak  liquor  cooler  (double  pipe) 

Condenser  (Spiro  Flo) 

Absorber,  tubular 

Aqua  pump 

High  and  low  side  connections .  . 

Receivers  aqua 

Receivers  anhydrous 

To  insulate  generator 

To  insulate  exchanger 

Steam  connections 

Water  connections 

Ammonia  charge  (anhydrous) .  .  . 
Ammonia  charge  (aqua) 


Less  50  and  11  per  cent  to  get  selling  price . 


2,943 

498 

1,141 

361 

1,380 

2,500 

1,300 

1,175 

238 

200 

140 

41 

400 

600 

140 

540 


13,597 
6,020 


3,878 

836 

2,294 

580 

2,117 

4,900 

2,060 

1,960 

255 

224 

184 

78 

600 

900 

215 

950 


5,974 

1,940 

3,052 

1,095 

3,268 

5,900 

2.887 

2,170 

321 

250 

233 

89 

900 

1,200 

342 

1,510 


22,031 
9,800 


31,131 
13,900 


6,898 

1,991 

4,612 

1,672 

4,234 

8,310 

2,887 

2,650 

402 

320 

270 

156 

1,200 

1,500 

407 

1,920 


39,429 
17,500 
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25-TON  Absorption  Machine  Consists  of  the  Following  Parts 

Generator:  29  in.  diameter  by  16  ft.  0  in.,  containing  349  sq.  ft.  surface  in  coils. 
There  will  be  7  coils  made  of  2-in.  pipe  and  return  bends. 

Rectifier:  1  coil,  5  runs  made  of  H-in.  and  3-in.  pipe,  of  horizontal  type,  contain- 
ing 37  sq.  ft.  of  surface. 

Exchanger:  Of  shell  and  coil  type,  1  shell  18  in.  diameter  by  7  ft.  0  in.,  containing 
187  sq.  ft.  of  surface  in  the  4  1-in.  helical  coils. 

Weak  Liquor  Cooler:  1  coil,  5  runs  made  of  2-in.  and  3-in.  pipe,  containing  60  s(i.  ft. 
of  surface. 

Condenser:  1  vertical  tubular  spira-flo  condenser,  26|  in.  diameter  by  8  ft.  4^ 
in.,  containing  315  sq.  ft.  surface  in  the  72  2-in.  No.  12  gage  seamless  steel  tubes. 

Absorber:  1  tubular  absorber,  35  in.  diameter  by  14  ft.  0  in.,  containing  706  sq.  ft. 
surface  in  the  100  2-in.  No.  12  gage  seamless  steel  tubes. 

Aqua  Pump:  1  duplex  steam  driven  aqua  pump,  8  by  3  J-  by  12,  capable  of  deliver- 
ing 0.573  gal.  per  stroke. 

High  and  Low  Side  Connections:  Necessary  to  connect  the  various  pieces  of 
apparatus. 

Receiver:  1  12  in.  by  4  ft.  0  in.  anhydrous  and  one  24  in.  by  4  ft.  0  in.  aqua 
receiver. 

Insulation:  Necessary  magnesia  black,  plaster  and  canvas  for  generator  and 
exchanger  shells. 

Water  Connections:  Necessary  pipes  and  fittings  for  water  connections  on  machine. 

Steam  and  Exhaust  Connections:  Necessary  pipe  and  fittings  for  steam  and 
exhaust  connections  on  machine. 

Aqua  and  Anhydrous  Charge:   Necessary  aqua  and  anhydrous  to  charge  machine. 

50-TON  Absorption  Machine  Consists  of  the  Following  Parts 

Generator:  36  in.  diameter  by  18  ft.  0  in.,  containing  654  sq.  ft.  surface  in  coils. 
There  will  be  9  coils  made  of  2-in.  pipe  and  return  bends. 

Rectifier:  1  coil,  6  runs  made  of  2-in.  and  4-in.  pipe,  of  vertical  type.  Containing 
76  sq.  ft.  surface. 

Exchanger:  of  shell  and  coil  type,  1  shell,  24  in.  diameter  by  10  ft.  0  in.,  containing 
405  sq.  ft.  of  surface  in  the  4  Ij-in.  helical  coils. 

Weak  Liquor  Cooler:  1  coil,  8  runs  made  of  2-in.  and  3-in.  pipe,  containing  96 
sq.  ft.  of  surface. 

Condenser:  1  vertical  tubular  spira-flo  condenser,  30  in.  diameter  by  14  ft.  Oj  in., 
containing  660  sq.  ft.  of  surface  in  the  90  2-in.  No.  12  gage  seamless  steel  tubes. 

Absorber:  One  Tubular  absorber  48  in.  diameter  by  14  ft.,  containing  1680  sq. 
ft.  surface  in  the  238  2  in.  No.  12  gage  seamless  steel  tubes. 

Aqua  Pump:  One  simplex  steam  driven  aqua  pump,  12  by  6  by  12,  capable  of 
delivering  1 .  46  gal.  per  stroke. 

High  and  Low  Side  Connections:  Necessary  to  connect  up  various  pieces  of 
apparatus. 

Receivers:    1  12  in.  by  8  ft.  0  in.  anhydrous  and  one  24  in.  by  8  in.  acjua  receiver. 

Insulation:  Necessary  magnesia  black,  plaster  and  canvas  for  generator  and 
exchanger  shells. 

Water  Connections:  Necessary  pipe  and  fittings  for  water  connections  on  machine. 

Steam  and  Exhaust  Connections:  Necessary  pipe  and  fittings  for  steam  and 
exhaust  connection  on  machine. 

Aqua  and  Anhydrous  Charge:   Necessary  aqua  and  anhydrous  to  charge  machine. 
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75-TON  Absorption  Machine  Consists  of  the  Following  Parts 

Generator:  45  in.  diameter  by  18  ft.  0  in.,  containing  1072  sq.  ft.  surface  in  coils. 
There  will  be  11  coils  made  of  2-in.  pipe  and  return  bends. 

Rectifier:  2  coils,  6  runs  each  made  of  2-in.  and  4-in.  pipe,  of  vertical  type,  con- 
taining 122  sq.  ft.  of  surface. 

Exchanger:  of  shell  and  coil  type,  1  shell  29  in.  diameter  by  9  ft.  0  in.,  containing 
593  sq.  ft.  surface  in  the  5  \\-m.  helical  coils. 

Weak  Liquor  Cooler:  2  coils,  6  runs  each,  made  of  2-in.  and  3-in.  pipe,  containing 
144  sq.  ft.  surface. 

Condenser:  1  vertical  tubular  spira-flo  condenser,  consisting  of  2  shells,  26^  in. 
diameter  by  13  ft.  IJ  in.,  containing  495  sq.  ft.  surface  in  each  shell.  Each  shell  has 
72  2-in.  No.  12  gage  seamless  steel  tubes. 

Absorber:  1  tubular  absorber,  54  in.  diameter  by  16  ft.  0  in.,  containing  2160  sq.  ft. 
of  surface  in  the  268  2-in.  No.  12  gage  seamless  steel  tubes. 

Aqua  Pump:  1  simplex  steam  driven  aqua  pump,  14  by  7  by  16,  capable  of 
delivering  2 .  66  gal.  per  stronke. 

High  and  Low  Side  Connections:  Necessary  to  connect  various  pieces  of  apparatus. 

Receivers:  1  12  in.  by  12  ft.  0  in.  anhydrous  and  1  30  in.  by  6  ft.  0  in.  aqua 
receiver. 

Insulation:  Necessary  magnesia  black,  plaster  and  canvas  for  generator  and 
exchanger  shells. 

Water  Connections:  Necessary  pipe  and  fittings  for  water  connections  on  machine. 

Steam  and  Exhaust  Piping:  Necessary  pipe  and  fittings  for  steam  and  exhaust 
connections  for  machine. 

Aqua  and  Anhydrous:   Necessary  aqua  and  anhydrous  to  charge  machine. 

100-TON  Absorption  Machine  Consists  of  the  Following  Parts 

Generator:  45  in.  diameter  by  21  ft.  0  in.,  containing  1252  sq.  ft.  of  surface  in 
the  coils.    There  will  be  11  coils  made  of  2-in.  pipe  return  bends. 

Rectifier:  2  coils,  6  runs  each,  made  of  2-in.  and  4-in.  pipe,  of  vertical  type,  con- 
taining 152  sq.  ft.  surface. 

Exchanger:  of  shell  and  coil  type,  2  shells  24  in.  diameter  by  10  ft.  0  in.,  containing 
a  total  of  810  sq.  ft.  of  surface  in  the  4  Ij-in.  helical  coils  in  each  shell. 

Weak  Liquor  Cooler:  2  coils,  10  runs  each,  made  of  2-in.  and  3-in.  pipe,  containing 
240  sq.  ft.  surface. 

Condenser:  1  vertical  tubular  spira-flo  condenser  consisting  of  2  shells  30  in. 
diameter  by  14  ft.  Oj  in.,  containing  660  sq.  ft.  surface  in  each  shell.  Each  shell  will 
have  90  2-in.  No.  12  gage  seamless  steel  tubes. 

Absorber:  1  tubular  absorber,  63  in.  diameter  by  16  ft.  0  in.,  containing  3159 
sq.  ft.  surface  in  the  392  2-in.  No.  12  gage  seamless  steel  tubes. 

Aqua  Pump:  1  simplex  steam  driven  aqua  pump,  14  by  7  by  16,  capable  of 
delivering  2 .  66  gal.  per  stroke. 

High  and  Low  Side  Coyinections:  Necessary  to  connect  various  pieces  of  apparatus. 

Receiver:   1  18  in.  by  7  ft.  6  in.  anhydrous  and  1  36  in.  by  6  ft.  0  in.  aqua  receiver. 

Insulation:  Necessary  magnesia  black,  plaster  and  canvas  for  generator  and 
exchanger  shells. 

Water  Connections:  Necessary  pipe  and  fittings  for  water  connections  on  machine. 

Steam  and  Exhaust  Piping:  Necessary  pipe  and  fittings  for  steam  and  exhaust 
connections  for  machine. 
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Aqua  and  Anhydrous:    Necessary  Aqua  and  anhydrous  to  charge  machine. 

The  nearest  to  a  75-ton  cooler  we  have  is  one  that  is  rated  at  79  tons,  having  a 
shell  36j  in.  diameter  by  13  ft.  l^  in.,  containing  1025  sq.  ft.  of  surface  in  the  149 
2-in.  No.  12  gage  seamless  steel  tube.    The  selling  price  of  this  will  be  $1255.00. 

The  nearest  to  100-ton  cooler  we  have  is  one  rated  at  106  tons,  having  a  shell 
46j  in.  diameter  by  11  ft.  I5  in.,  containing  1375  sq.  ft.  surface  in  the  236  2-in.  No.  12 
gage  seamless  steel  tubes.    Selling  price  of  this  will  be  .$1640.00. 

These  prices  are  for  condensers  complete  with  distributors,  cast  iron  columns, 
liquid  level  gage  glass,  but  does  not  include  any  valves. 


TABLE  131 

Coolers  and  Condensers  for  CO2 

Horizontal  Shell  and  Tube  Brine  Cooler 


Tons 

Diameter 

Length 

Weight, 
Pounds 

Price, 
Dollars 

Ft.      In. 

Ft.      In. 

8 

3             6 

13           6 

4800 

750 

10 

3            6 

13           6 

5200 

800 

12 

3            0 

20          0 

7000 

900 

16 

3             6 

20          0 

8500 

1025 

Shell  Type  Brine  Coolers  and  Condensers — Coil  of  f  Ex.  Hy.  Pipe 

3-ton  Double  Coil  Type,  5  ft.  6  in.  long,  14  in.  diameter,  $90 
4-ton  Double  Coil  Type,  6  ft.  6  in.  long,  14  in.  diameter,  130 
5-ton  Triple  Coil  Type,  5  ft.  0  in.  long,  18  in.  diameter,  165 
6-ton  Triple  Coil  Type,    6  ft.  0  in.  long,  18  in.  diameter,  210 
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TABLE  132 
Ammonia  Separator  or  Oil  Trap 


^^ 


Size  of 

Compressor, 

Inches 

Size  of  Pipe 

Connections, 

Inches 

Diameter, 
Inches 

Length, 
Inches 

Weight, 
Pounds 

List  Price, 
Dollars 

4X6 

1 

6 

18 

70 

34.40 

5X6 

u 

6 

18 

75 

36.10 

6X8 

u 

8 

24 

90 

46.10 

7X8 

n 

8 

24 

100 

47.70 

8X9      \ 
9X9      / 

2 

8 

24 

100 

47.70 

Price  covers  standard  separator  only,  as  shown,  no  valves  nor  companion  flanges 
included.  All  required  valves,  companion  flanges,  fittings,  etc.  are  included  in 
standard  high  pressure  connections. 


Horizontal  Liquid  Receivers 
(Compiled  1920) 


Size  of 

Compressor, 

Inches 

Diameter, 
Inches 

Length 

Inlet  and 
Outlet, 
Inches 

Weight, 
Pounds 

List  Price, 
Dollars 

4X6 
5X6 
6X8 
7X8 
8X9      \ 
9X9      J 

8 
-8 
8 
8 

8 

Ft.       In. 

4           6 

6           0 

10          6 

14           0 

14           0 

i 
1 

2 
3 
1 
3 
4 

1 

175 
200 
325 
400 

400 

40.00 
43.30 
53.30 
62.20 

62.20 

Price  covers  standard  receiver  only  as  shown.  No  valves,  companion  flanges 
nor  stands  are  included.  All  required  valves,  companion  flanges  and  fittings  are 
included  in  standard  high-pressure  connections. 


644     COSTS   OF   REFRIGERATING   MACHINERY   AND   EQUIPMENT 

TABLE  133 

CO2   COMPIIESSORS 


Tons 

Bore, 
Inches 

Stroke 

R.p.m. 

Diameter 
of  Wlieel, 

Weight 
of  Wheel, 

Total 
Weight, 

Required 
Horse 

Price, 
Dollars 

Inches 

Pounds 

Pounds 

Power 

3 

2i 

6 

120 

36 

1,000 

2,100 

7h 

600 

4 

2i 

6 

135 

36 

1,000 

2,100 

10 

600 

5 

2§ 

9 

95 

36  and  60 

1,700 

3,800 

10 

720 

6 

2f 

9 

110 

36  and  60 

1,700 

3,800 

15 

720 

7 

2| 

10 

100 

36  and  60 

2,200 

4,300 

20 

725 

S 

21 

10 

110 

36  and  60 

2,200 

4,300 

20 

725 

10 

3 

lU 

90 

82 

2,600 

6,200 

20 

1115 

12 

31 

m 

90 

82 

3,000 

6,200 

25 

1115 

15 

3^ 

14 

90 

82 

3,000 

9,500 

25 

1600 

18 

31 

14 

85 

84 

4,300 

10,500 

30 

1600 

20 

31 

14 

95 

84 

4,500 

11,000 

35 

1000 

22 

31 

14 

95 

84 

4,500 

11,000 

40 

1600 

25 

4i 

16 

80 

96 

6,000 

14,500 

40 

1890 

271 

90 

30 

41 

16 

90 

96 

6,500 

15,000 

50 

1890 

40 

5 

20 

70 

9 

8,000 

20,000 

60 

2290 

50 

5^ 

20 

70 

9 

9,000 

21,000 

75 

2440 

60 

51 

20 

75 

12 

10,000 

22,000 

90 

2575 

70 

6^ 

24 

85 

12 

11,500 

25,000 

100 

3320 

80 

6^ 

24 

65 

14 

14,000 

27,500 

110 

3730 

90 

61 

24 

65 

14 

15,000 

28,500 

120 

3875 

100 

7 

24 

65 

14 

16,000 

29,800 

135 

4000 

120 

71 

28 

60 

16 

18,000 

48,000 

150 

5000 

130 

8 

28 

60 

18 

20,000 

49,000 

200 

3500 

150 

81 

28 

60 

18 

25,000 

49,000 

275 

5500 

TABLE  134 

Triple  Pass  Shell  Type  Galvanized  Drinking  Water  Cooler 

For  CO2 

1  15-ton    drinking  water    cooler,  9  ft.  0  in.  long,  22j  in.  diameter,  weight 

4200  lb $800 

Insulation:  4  vertical  partitions  with  gear  cork 100 

1  12-ton,  8  ft.  0  in.  long  by  22^  in.  diameter,  weight  3800  lb 725 

Insulation 95 

1  10  ton,  7  ft.  6  in.  long  by  22 1  in.  diameter,  weight  3200  lb 650 

Insulation 90 

1  8  ton,  6  ft.  0  in.  long,  22|  in.  diameter,  weight  2800  lb 575 

Insulation 85 
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TABLE   140 
Pipe  Insulation  (Cork) 

Price 

5-in.  pipe $1 .  37 

j-in.  pipe 1  54 

1  -in.  pipe 1  60 

Ij-in.  pipe 1-65 

IHn-  pipe 1-68 

2  -in.  pipe 1  •  88 

2§-in.  pipe 1 .  99 

3  -in.  pipe 2.17 

In  estimating  work  of  this  kind,  all  fittings  to  be  measured  over  and  counted  as 
an  additional  foot  of  pipe. 

TABLE  141 

Standard  Belt  Drive  for  Compressor 

Oak-tanned,  Regular  Weight,  Double-ply  Leather 


Size  of 
Tons 

Total 
Length  of 
Belt,  Feet 

Width, 
Inches 

List  Price, 
Dollars 

Selling 
Price, 
Dollars 

3 

26 

5 

62.50 

38.00 

4 

30 

5 

72.00 

44.00 

5 

30 

6 

86.50 

52.00 

6 

30 

6 

86.50 

55.00 

8 

40 

8 

154.00 

95.00 

10 

40 

8 

154.00 

95.00 

12 

40 

10 

192.00 

120,00 

15 

45 

10 

215.00 

130.00 

18 

45 

12 

260.00 

160.00 

20 

45 

12 

260 . 00 

160.00 

25 

50 

14 

288.00 

175.00 

30 

50 

14 

336.00 

205.00 

40 

58 

14 

380.00 

235.00 

50 

60 

14 

400.00 

245.00 

60 

60 

16 

460.00 

280.00 

70 

60 

16 

460.00 

280.00 

80 

60 

16 

460.00 

280.00 

90 

80 

18 

690.00 

420.00 

100 

80 

18 

690.00 

420.00 

110 

80 

18 

690.00 

420.00 

125 

100 

20 

960.00 

580.00 

150 

100 

22 

1056.00 

640.00 

10-in.  belt  for  6-in.  vertical  28  ft.  long,  $80.00. 

Waterproof  belts  are  recommended  for  all  installations  where  there  is  possibility 
of  dampness. 

For  waterproof  belts  add  15  per  cent  to  the  above  list. 
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TABLE  142 

Brine  Strainers 

List  Price 

Ij  in.  and  1^  in $4 

2  in.  and  2^  in 15 

Sin 22 

4  in 30 


TABLE  143 

Raw  Water  Air  Valves,  Headers  and  Drop  Pipes 

Size  of  Ice  Can:  List  Price 

6   X12   X29,    50  1b $2.70  per  can 

8   X16   X32;  100  lb 2.95  per  can 

lU X22§ X32,  200  lb 3. 10  per  can 

lUX22iX45,  300  lb 3.15  per  can 

Hand  type  core  sucker 19 .  50 

Prices  include  air  piping  from  blower. 


TABLE  144 

Horizontal  Belt-driven  Brine  Agitators 

Cost  Prices 

9  in.,  $75  net,  F.O.B.  Pennsylvania 
12  in.,  100  net,  F.O.B.  Pennsylvania 
20  in.,  150  net,  F.O.B.  Pennsylvania. 

Each  complete  with  one  pulley. 


TABLE  145 

Calcium  Chloride 

Solid  (650-lb.  Barrels)  Granulated  (375-lb.  barrels) 

Per  ton  Per  ton 

1  ton $45  1  ton $50 

2  to  3  tons 42  2  to  3  tons 49 

4  to  8  tons 40  4  to  5  tons 48 

9  to  15  tons 38  6  to  9  tons 46 

16  tons  and  over 36  10  tons  and  over 45 
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TABLE  146 


Piping  for  Carbon  Dioxide 


Pipe  (Extra  Heavy  Wrought  Steel  Pipe)  installed,  per  foot: 

3  in $1.70  Uin 

2i     1 .  50  1        

2       1.20  f     

U     1.00  h     


$0.90 
.80 
.70 
.60 


Pipe  Covering  and  Asphaltum  Paint  Finish,  per  Foot: 
3  in $4.85  Uin.  .. 


2h 

2 

1 


4.20 
3.55 
3.00 


1 


.$2.60 
.  2.25 
.  1.95 
.    1.75 


Galvanized  Brine  Pipe  installed,  per  Foot: 


;i.83 
1.68 
1.43 
1.18 


Uin. 

U    . 

1 


1.98 
.88 
.78 
.68 
.58 


Galvanized  Brine  Pipe,  Asphaltum  Paint  and  Covering,  per  Foot: 


4  in $5.98 

3       4.83 

2^     4.18 

2       3.53 


l§in $2.58 

li     2.23 

1       1.93 

i     1.73 
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TABLE  147 

"National"  Wrought  Steel  Pipe 

Discounts  F.O.B.  Chicago 


Size 


I  in.,  butt 

J  and  I  in.  butt . 

5  in.,  butt 

I  in.,  butt 

1  to  3  in.,  butt.  . 

g  in.,  butt 

}  and  I  in.,  butt. 

5  in.,  butt 

J  in.,  butt 

1  to  I5  in.,  butt. 

2  to  3  in.,  butt .  . 


Random  Pipe 


Black 


37 
43 
48 
52 
54 


25 
31 
37 

42 
44 
45 


Galvanized 


4 
16 
33 
39 
41 

Extra  Strong  Plain  Ends 
2  in.,  lap .  .  . 


Random  Pipe 

Size 

Black 

Galvanized 

2  in.,  lap 

2i  to  6  in.,  lap.  . 
7  to  8  in.,  lap .  .  . 
9  and  10 in.,  lap.. 
11  and  12  in.,  lap. 

41 
51 
43 
41 
40 

28 
38 
29 
27 
26 

13 
18 
20 
21 


2§  to  4  in.,  lap. 
4^  to  6  in.,  lap. 
7  to  8  in.,  lap.  . 
9  and  10  in.,  lap 
11  and  12  in  ,  lap 


37 

13 

41 

17 

40 

16 

34 

10 

On  application 

^  in.,  butt 

f  to  I5  in.,  butt. 
2  and  2|  in.  butt 
2  in.   lap 


22 
25 
27 
21 


Double  Extra  Strong  Plain  Ends 
2|  to  4  in.,  lap. 


On 
Application 


41  to  6  in. 
7  and  8  in. 


lap. 
lap. 


23 
22 
16 


Net 


i  in. 
iin. 
I  in. 
i  in. 
fin. 

1  in. 
U  in 
Uin. 

2  in., 
2Hn. 

3  in., 
2  in., 
3Un 


butt .  . 
butt .  . 
butt .  . 
butt .  . 
butt .  . 
butt .  . 
butt . 
,  butt, 
butt .  . 
..  butt . 
butt .  . 
lap.  .  . 
,  lap .  . 


Price  per  100  Ft.  Standard  Weight  F.O.B.  Chicago 

$3.47  $5.28  4  in. 

3.4  5.04  4|in 

3.42  5.04  Sin. 

4.42  5.70  6  in. 

5.52  7.02  7  in. 

7.82  10.03  Sin. 

10.58  13.57  Sin. 

12.65  16.23  9  in.,  lap 

17.02  21.83  10 in.,  35  lb.,  lap. 

26.91  34.52  10 in.,  41  lb.,  lap. 

35.19  45.14  12  in.,  45 lb.,  lap. 

21.83  26.64  12  in.,  50  lb.,  lap. 

45.08  57.04 


lap 

lap 

lap 

lap 

lap 

251b.  lap. 
28  lb.,  lap. 


$53.41 

62.23 

72.52 

94.08 

135.66 

142 . 50 

164.16 

203 . 55 

206 . 50 

243.08 

270.00 

304.20 


On 
AppUcation 


$67 . 58 
78.74 
91.76 
119.04 
168.98 
177.50 
204.48 
251.85 
255 . 50 
300.76 
333.00 
375.18 


Weight  of  8  in.-lO  in. -12  in.  must  be  specified. 


Tarred  pipe,  all  sizes,  and  O.D.  pipe  14  to  24  in.  in  stock. 
Prices  on  application. 
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TABLE  147a 

"Reading"  Wrought  Iron  Pipe 

Discounts  F.O.B.  Chicago 


Size 


i  in 

J  and  f  in.,  butt. 

J  in.,  butt 

f  in.,  butt 

1  to  1^  in.,  butt. 


J  and  I  in.,  butt. 

5  in.,  butt 

J  in.,  butt 

1  to  1^  in.,  butt. 

2  in.,  lap 


Random  Pipe 


Black 


Galvanized 


On  application 


+27 

+57 

6 

+  16 

12 

+  7 

14 

+  5 

Size 


2  in.,  lap 

2h  in.,  lap 

3  to  6  in.,  lap.  . 
7  to  12  in.,  lap. 


Extra  Strong  Plain  Ends 


Random  Pipe 


Black 


7 
10 
12 


Galvanized 


+  11 
+  7 
+  5 
+  9 


+40 

Net  list 

7 

9 

2 


On 
Application 


2?  in.,  lap 

8      ] 

3  to  4  in.,  lap 

8 

On 

4|  to  6  in.,  lap.  . 

7      i 

Application 

7  and  8  in.,  lap. . 

+  2 

9  to  12  in.,  lap.  . 

+  7      J 

Double  Extra  Strong  Plain  Ends 


5  in.,  butt 

J  to  I5  in.,  butt. 
2  in.,  lap 


On  application 


25  to  4  in.,  lap. 
4^  to  6  in.,  lap. 


On  application 


Net  Price  per  100  Ft.,  Standard  Weight,  F.O.B.  Chicago 


tin.. 
g  in., 
i  in., 
fin., 

1  in., 
liin, 
Uin, 
Uin 

2  in., 
2Hn 

3  in., 
3Un 


butt .  . 
butt .  . 
butt.  . 
butt .  . 
butt .  . 
,  butt. 
,  butt. 
,  lap .  . 


,  lap. 
lap.  . 
,  lap. 


$7.62 
7.62 
7.99 
10.12 
14.62 
19.78 
23.65 

34.41 
52.65 
67.32 
80.96 


$9.42 
9.42 
9.86 
12.31 
17.85 
24.15 
28.88 

41.07 
62.60 
80.33 
96.60 


4  in., 
4Hn 

5  in., 

6  in., 

7  in., 

8  in., 

8  in., 

9  in., 

10  in. 
10  in. 
12  in. 
12  in. 


lap . 

.,  lap 

lap 

lap 

lap 

25  1b.,  lap. 
28  lb.,  lap . 

lap 

,35  lb.,  lap. 
,411b.,  lap. 
,  45  lb.,  lap. 
,50 lb.,  lap. 


$95.92 

$114.45 

111.76 

133.35 

130.24 

155.40 

168.96 

201.60 

218.90 

259.42 

264 . 96 

313.92 

317.40 

367.05 

379.04 

449.08 

466.44 

552.63 

Reading  wrought  iron  O.D.  pipe  up  to  20  in.  can  be  furnished  on  short  notice. 
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TABLE  1476 

"Alpha"  Brass  Pipe  and  Tubing 

(Seamless) 

Standard  Iron  Pipe  Size — Net  Prices  per  Foot 


Size,  Inches 

Full  Lengths 

Cut  Lengths 

Add  for 
Nickel  Plating 

Threads  Each 

1 

8 

.11 

.14 

.08 

.07^ 

1 
4 

.18 

.23 

.08 

.07i 

3 
8 

.23 

.29 

.08 

.07^ 

h 

.31 

.34 

.13 

.07  J 

3 

* 

.39 

.49 

.16 

.07^ 

1 

.55 

.69 

.19 

.09 

u 

.80 

1.00 

.20 

.10^ 

u 

.95 

1.18 

.21 

12 

2 

1.25 

1.57 

.28 

.15 

21 

1.82 

2.73 

.39 

.27^ 

3 

2.60 

3.90 

.47 

.30 

Larger  sizes  on  appUcation. 


Size  O.D., 
Inches 

Seamless  Tubing  No.  17G 
Nickel  Plated,  12  Ft. 
Lengths,  Net  per  Foot 

Size  Pipe 

to  Cover, 

Inches 

Tubing  (Casing)  Nickel 

Plated  to  Cover  Wrought 

Pipe,  Net  per  Foot 

u 
If 

If 

.46 
.50 
.60 

3 

S 
1 
2 
3 

1 

1 

u 
u 

.25 
.30 
.35 

.45 

2 

.65 

u 

No.  20G  Rough  in  12  Ft. 

Lengths 

.35 

.65 

For  cutting  add  20  per  cent 
to  above. 

Threading,  all  sizes  of  tubing,  .25  net  per  thread. 
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TABLE  148 
Ice  Can  Covers  Only 


Quantity 

Dimensions 

Price 

Remarks 

50 
100 
200 
300 

8^X141 
101X181 
13fX24| 
13|X24f 

$0.75 
1,25 
2.50 
2.50 

■  3-1  in.   lumber  water  proof  paper  between. 

TABLE  149 

Automatic  Sprinkler 


Size  of  Cans, 

Automatic  Sprinkling  Pumps  and  Pans  Complete 

Pounds 

Floor  space 

Pan  depth,  inches 

Price 

50 
100 
200 
300 

2  ft.  0in.X3  ft.  9  in. 

2  ft.  8  in.  X 4  ft.  10  in. 

3  ft.  0in.X5ft.  2h  in. 
3  ft.  0  in.X6  ft.  0  in. 

4 
5 
5 
5 

$70 
75 
95 

110 

TABLE  150 

Synchronous  Motors 

Including  motor  with  base  and  2  pedestals  for  coupling  to  compressors;    also 
push  button  across  the  line,  auto-starter  and  including  motor  generator  exciter  sets. 

75  hp.  100   per   cent   P.F.  200   r.p.m.,  2  pedestal  bearings    base  and   shaft 
with  extension  for  coupling  to  compressor  across  line  starter  from  push 

button,  indicating  a.c.  ammeter  and  d.c.  ammeter $3150 

150  hp.,  200  r.p.m.,  same  as  above 3800 

225  hp.,  200  r.p.m.,  same  as  above. 4250 

150  hp.,  180  r.p.m.,  same  as  above 4160 

300  hp.,  171  r.p.m.,  same  as  above 5480 

450  hp.,  164  r.p.m.,  same  as  above 6160 

Without  shafts  or  bearings,  but  including  pole  plates,  split  rotor  e.xciter  sets  and 
automatic  control  push  button  starter: 

150  hp.,  100  per  cent,  P.F.,  150  r.p.m.,  220  volts $4435 

150  hp.,  100  per  cent,  P.F.,  138  r.p.m.,  220  volts 4825 

200  hp.,  100  per  cent,  P.F.,  150  r.p.m.,  220  volts 4640 

200  hp.,  100  per  cent,  P.F.,  138  r.p.m.,  220  volts ; 4960 
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TABLE  154 

Centrifugal  Pumps 

Type  "A"  Side  Suction  Single-stage  Centrifugal  Pumps 


Size 
of 
Suc- 
tion 

Size  of 

Dis- 
charge, 
Inches 

Economic 
Capacity 
in  Gal- 
lons per 
Minute 

Approxi- 
mate 
Weight, 
Pounds 

Standard  Pulley, 
Inches 

List 
Standard 

List 

with 

Bronze 

Impeller 

List 
for  All 
Bronze 

Diameter 

P'ace 

Water 
End 

2 

3 

4 

5 

6 

8 

10 

12 

14 

u 

2 
3 
4 
5 

6 

8 
10 
12 

60 

100 

250 

450 

750 

1000 

1800 

3000 

4250 

240 
260 
500 
1200 
1400 
1600 
2300 
2700 
3000 

6 
6 
8 
10 
14 
18 
20 
22 
24 

4 

4 

5 

6 

8 

10 

10 

12 

14 

$96 
100 
150 
350 
380 
420 
650 
720 
800 

$106 
110 
165 
390 
420 
470 
700 
780 
875 

$190 

200 

340 

780 

810  . 

850 
1350 
1600 
2000 

Standard  Pump  fitted  with  Steel  Shaft  and  Cast  Iron  Impeller.  Electric  includes 
Flexible  Couplings,  Extended  Sub-base  and  mounting  of  motor  when  deUvered  to 
our  factory.     Belted  includes  standard  pulley  and  outboard  bearing. 

Type  "E"  Side  Suction  Volute  Casing  Single-stage  Centrifugal  Pumps 


Size 
of 

Size  of 

Dis- 
charge, 
Inches 

Economic 
Capacity 
in  Gal- 
lons per 
Minute 

Approxi- 
mate 
Weight, 
Pounds 

Standard  Pulley, 
Inches 

List 
Standard 

List 

with 

Bronze 

Impeller 

List 
for  All 
Bronze 

Suc- 
tion 

Diameter 

Face 

Water 
End 

2 
3 
4 
5 
6 
8 
10 

U 

2 

3 

4 

5 

6 

8 

60 
100 
250 
450 
750 
1000 
1800 

240 

260 

500 

700 

1400 

1600 

1800 

6 
6 

8 
10 
14 
18 
20 

4 

4 

5 

6 

S 

10 

10 

$96 
100 
150 
180 
380 
420 
460 

$106 
110 
165 
200 
420 
470 
500 

$190 
200 
340 
375 
810 
850 
900 

30  per  cent  discount  from  list  price. 
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TABLE  155 

Operating  Labor  Costs  in  Oil  Engine  Pi*ant3 

[Pow-r,  1925] 


Plant 

Num- 

Num- 
ber of 

Total 
Horse 

Hours  of 
Service 

Total  Engine 
Hours  per  Year, 

Number 

of 
Attend- 

Total 
Labor 
Cost, 

Location 

ber 

Units 

Power 

per  Day 

All  Units 

ants 

Dollars 

1 

2 

150 

24 

7,552 

2 

3000 

North  Dakota 

2 

3 

175 

24 

11,315 

3 

3900 

South  Dakota 

3 

2 

250 

24 

3 

4800 

Nebraska 

4 

1 

50 

10 

3,650 

1 

2160 

Nebraska 

5 

1 

37i 

14 

4,750 

1 

1620 

Iowa 

6 

2 

200 

24 

8,800 

3 

3440 

Iowa 

7 

2 

100 

24 

8,395 

2 

2400 

Nebraska 

8 

3 

237^ 

24 

10,030 

3 

4320 

Nebraska 

9 

2 

300 

24 

8,459 

3 

4320 

Louisiana 

10 

1 

100 

12 

4,380 

1 

1900 

Ohio 

11 

1 

50 

24 

8,010 

1* 

1200 

California 

13 

2 

300 

24 

8,760 

3 

4440 

Michigan 

14 

2 

250 

24 

6,200 

3 

2270 

California 

15 

2 

150 

8 

2,920 

1 

1200 

Oklahoma 

16 

1 

150 

24 

6,570 

2 

1740 

Arkansas 

17 

3 

250 

24 

14,620 

3 

4800 

Texas 

18 

1 

75 

2 

3000 

Illinois 

19 

4 

900 

24 

4 

5760 

Texas 

20 

3 

350 

24 

2 

2820 

Texas 

21 

1 

100 

8 

2,920 

1 

900 

Kentucky 

22 

2 

100 

24 

10,220 

2 

2400 

Oklahoma 

23 

2 

75 

10 

4,350 

2 

2500 

Maine 

24 

3 

600 

,24 

5,760 

3 

2310 

Tennessee 

25 

•     2 

300 

24 

12,000 

2 

2010 

Mississippi 

26 

2 

150 

24 

5,923 

2 

3206 

Texas 

27 

3 

300 

24 

12,720 

2 

2300 

Mississippi 

*  One  man  on  each  shift  operates  ice  plant. 
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TABLE  156 
An  Analysis  of  Repair  Cost.s  in  the  Oil  Engine  Plants 


Plant 

Number 

Number 
of  Units 

Total 
Horse 
Power 

Years  of 
Service 

Total  Cost  of 

Engine  Repairs, 

Dollars 

Extra  Labor 
Cost,  Dollars 

Repairs  per 

Unit  Produced, 

Dollars 

1 

2 

150 

u 

2 

3 

2 

175 
250 

8 
1 

2506.00 

0.00024 

3 

4 

1 

50 

2 

0.84 

5 

1 

37^ 

3 

6 

2 

200 

1 

7 

2 
3 

100 
237^ 

6 
5 

1007.68 
980.88 

0.00016 

8 

40.00 

9 

2 

300 

4 

150.00 

10 

1 

100 

U 

65.00 

50.00 

11 

1 

50 

10 

265.00 

12 

1 

100 

4 

13 

2 
2 

300 
250 

4 

8 

785.00 
368.00 

0.0005 

14 

15 

2 

150 

4 

51.51 

50.00 

16 

1 

150 

U 

17 

3 

1 

250 
75 

10 
3 

6293.00* 
249.03 

0.0012 

18 

19 

4 
3 

900 
350 

2 

1 

605.15 

0.00024 

20 

21 

1 

100 

1 

22 

2 

100 

6 

750.00 

23 

2 

75 

6 

1554.12 

24 

3 

600 

1 

25 

2 

300 

1 

21.65 

26 

2 

150 

4 

527.67 

27 

3 

2 

300 
400 

4 
2 

308.46 
414.90 

0.00027 

28 

523.98 

29 

1 

100 

3 

54.04 

*  Crankshaft. 
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TABLE  157 
Operating  Costs  of  the  Oil-engine  Driven  Electric  Plants 


Plant 
Number 


Load  Factor,  Per  Cent 


Running 


Yearly 


Kw.-Hr. 
Produced 
per  Year 


Operating  Cost,  Dollars 


Total 


Unit 


1 

2 

6 

7 

13 

17 

19 

24 

27 


37^ 
42 

82 
48 
52 

58 

57 

38 


15 
18 
41 
23 
36 
37 
36 
21 
23 


113,605 
165,050 
430,000 
120,000 
403,000 
481,800 
1,271,400 
650,000 
365,000 


4,929 

6,787 

7,320 

4,080 

8,497 

10,309 

15,224 

10,236 

5,648 

Average . 


0.0434 
.0411 
.0170 
.0340 
.0210 
.0214 
.0120 
.0157 
.0155 


0.246 


Total 

Fixed  Charge  Cost,  Dollars 

Unit  Fuel  and 

Unit  Total 

Plant 

Investment, 
Dollars 

Lubricating 

Cost  with 

Number 

Oil  Cost, 

Fixed  Charges, 

Total 

Unit 

Dollars 

Dollars 

1 

19,800 

1980 

0.0174 

0.016 

0.0608 

2 

36,300 

3630 

.0220 

.0147 

.0631 

6 

30,000 

3000 

.0070 

.0066 

.0240 

7 

18,200 

1820 

.0152 

.0140 

,0490 

13 

41,000 

4100 

.0102 

.0094 

.0312 

17 

34,400 

3440 

.0071 

.0079 

.0285 

19 

74,400 

7440 

.0058 

.0074 

.0178 

24 

92,000 

9200 

.0141 

.008 

.0298 

27 

54,000 

5400 
Average — 

.0148 

.009 

.0303 

0.0124 

0.0103 
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TABLE  159 

Depreciation  of  Ice  Plants — G.  E.  Wells,  A.S.R.E.,  1920 

Per  cent 

Boilers 10 

Pipe  work 5 

Brick  building 2  to  3 

Electric  machinery 7 

General  machinery 7 

Automatic  equipment 20 

Delivery  equipment 10 

Country  ice  houses 20 

Office  furniture  and  fixtures 10 

Tools  and  implements 10 

TABLE  160 

Estimated  Yearly  Cost  of  Electric  Plant  Operation 
[Power,  1926) 

Output  30,000  tons  annually.     Based  on  actual  operation,  June  to  October,  1926 

Investment : 

All  electric  equipment  including  installation  and  wiring  cost $25,000 .  00 

Fixed  charges: 

Interest,  per  cent 6 

Depreciation,  per  cent 4 

Insurance  and  taxes,  per  cent 2 

Total  fixed  charges 12       $3,000 .  00 

Electricity: 

30,000  X  60  kw.-hr.  per  ton  =  1,800,000  kw.-hr.,  at  1.14c 20,500.00 

Fuel  for  heating: 

20  tons  coal  at  $6 120.00 

Labor: 

1  Chief  engineer  at  $45.00 $2340.00 

2  Night  engineers  at  $38.00 3960. 00 

1  Electrician  at  30.00 1560 .  00 

3  Oilers  and  ice  pullers  at  $25.00 3900. 00 

Total 11,760.00 

Supplies  and  repairs: 

25c.  per  ton  X  30,000 7,500 .  00 

Total $42,880.00 

Cost  per  ton 1 .  43 
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TABLE  161 

Estimated  Yearly  Cost  of  Oil  Engine  Plant  Operation  and  Including 

Fixed  Charges 

Output  30,000  Tons  Annually 

Investment: 

Two  200-hp.  Diesel  engines  installed $26,000.00 

Two  200-hp.  Diesel  engines  driving  140-kw.  generators 33,000.00 

200  hp.  of  electric  motors,  wiring  and  installation 7,000.00 

$66,000.00 

Fixed  charges: 

Interest,  per  cent 6 

Depreciation,  per  cent 8 

Insurance  and  taxes,  per  cent 2 

Total 16     $10,580.00 

Fuel: 

6  gal.  per  ton  X  30,000  =  180,000  gal.  at  6|  c 11,700.00 

Lubricating  oil: 

1-10  gal.  per  ton  X  30,000  =  3,000  gal.  at  55c 1,650.00 

Labor : 

1  Chief  engineer  at  $45.00 $2340. 00 

2  Watch  engineers  at  $38 .  00 3960 .  00 

1  Electrician  at  $30 .  00 1560 .  00 

4  Oilers  and  ice  pullers  at  $25 .  00 5200 .  00 

Total $13,060.00 

Supplies  and  repairs: 

30  c.  per  ton  X  30,000 9,000.00 

Total $45,990.00 

^ost  per  ton 1 .  53 
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TABLE  162 
Operation  Costs  With  and  Without  Ice  Storage 


General  expense,  including  insurance,  taxes, 
depreciation  and  interest  on  investment 
(14  per  cent) 

Plant  labor 

Tank-room  labor 

Day  storage-room  labor 

Power 

Ammonia 

Water  and  other  supplies 

Maintenance 

Salary  of  portion  of  crew  during  shutdown 
period 

Winter  storage-room  labor  10,000  tons 

Winter  storage-room  refrigeration  10,000  tons 

Totals 

Average  cost  per  ton 


200-Ton  Plant 


Cost 
per  ton 


$1.68 
0.10 
0.10 
0.06 
0.45 
0.05 
0.05 
0.15 

0.15 


$2.79 


Total 
cost 


$4,200 
2,500 
2,500 
1,500 

11,250 
1,250 
1,250 
3,750 

3,850  * 


$69,850 


10,000-Ton 

Storage  and 

125-Ton  Plant 


Cost 
per  ton 


SI.  55 
0.14 
0.14 
0.10 
0.47 
0.05 
0.05 
0.15 

0.088 

0.40 

0.30 


$3.02 


Total 
cost 


$38,780 
3,500 
3,500 
2,500 
11,750 
1,250 
1,250 
3,750 

2,200 1 

4,000 

3,000 


$75,480 


Saving  in  favor  of  large  daily  capacity,  $0.23  per  ton. 

*  On  basis  of  .5  months'  operation;    shutdown  7  months  at  $550  per  month, 
t  On  basis  of  8  months'  operation;   shutdown  4  months  at  $550  per  month. 


CHAPTER  XXI 
SPECIFICATIONS 

The  object  of  specifications  is  to  set  down  concisely,  yet  clearly  and 
completely,  all  the  requirements  of  a  purchase.  Either  of  two  methods 
may  be  pursued.  First  the  purchaser  can  state  exactly  what  is  desired 
in  the  apparatus  or  the  machinery,  and  material  entering  into  the  con- 
struction and  the  types  and  the  construction  of  the  accessories  and  ask 
for  no  guarantee.  Second,  the  purchaser  can  state  the  capacity  required, 
or  the  results  desired,  and  leave  to  the  manufacturer  the  obHgation  to 
work  out  the  details  of  the  design  and  then  specify  a  guarantee  of  per- 
formance. In  the  second  case  the  reputation  of  the  manufacturer  is 
an  important  factor,  as  frequently  the  difficulty  of  making  tests  or  of 
proving  that  the  guarantee  is  lived  up  to,  makes  it  of  no  value.  As  a  rule 
it  is  much  more  satisfactory  to  specify  standard  equipment,  for  in  such 
cases  the  price  is  usually  considerably  less  than  would  be  the  case  where 
new  patterns  and  possibly  special  machinery  must  be  provided  in  order 
to  manufacture  the  special  product. 

Compressors. — The  purchaser  must  needs  make  a  choice  of  the  type 
of  compressor  he  desires.  In  America  this  choice  is  confined  to  ammonia 
and  carbon  dioxide  as  refrigerants.  Although  carbon  dioxide  is  usually 
stated  as  a  cold  condensing  water  refrigerant,  it  is  used  to  a  very  large 
extent  on  the  merchant  marine  and  even  (to  a  slight  extent)  for  station- 
ary work  in  the  southern  part  of  the  United  States  and  Cuba.  Not- 
withstanding that  the  power  requirements  are  greater  for  carbon  dioxide 
than  for  ammonia  and  that  these  increase  with  the  temperature  of  the 
"  liquid  "  from  the  condenser,  yet  the  excess  power  for  carbon  dioxide 
over  that  for  ammonia  is  only  nominal.  The  real  decision  as  to  the  kind 
of  refrigerant  should  be  made  because  of  other  factors  such  as  safety, 
compactness,  kind  of  load,  etc. 

The  type  of  compressor  and  the  kind  of  drive  should  be  specified. 
The  preferred  types  are:  for  10  tons  or  less,  the  automatic;  for  75  tons 
and  less,  the  twin  cylinder,  vertical,  single-acting  machine ;  and  for  over 
75  tons,  either  the  horizontal  double-acting  type  or  the  vertical  single- 
acting  machine  with  the  open  frame.  There  are  decided  advantages  in 
the  use  of  the  enclosed  compressor  wliich  in  Great  Britain,  in  particular, 
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are  evidenced  by  the  use  of  three  or  four  cylinders  on  the  same  shaft 
with  capacities  of  200  tons  and  over.  ^ 

The  rotative  speed  of  the  compressor  should  be  specified.  Speeds 
over  100  r.p.m.  require  careful  machine  design  as  regards  the  type  of 
valve  and  the  valve  opening,  stresses  in  the  frame,  reciprocating  parts 
and  bearings,  and  very  particular  attention  to  the  lubrication.  The  old 
paclving  house  design,  steam  engine  driven,  has  become  obsolete  and  the 
synchronous  motor  drive  (where  electric  power  is  available)  and  the 
uniflow  or  poppet  valve  medium  speed  steam  engine  and  oil  engine  driven 
compressor  are  replacing  it.  Experience  has  shown  that  the  essential 
point  to  be  considered  in  any  case  is  the  perfection  of  the  lubrication 
which  must  be  positive  and  sufficient  in  amount.^  The  use  of  stage 
compression  should  be  specified  for  evaporating  temperatures  of  0  deg.  F. 
and  lower,  especially  where  the  condenser  pressure  is  150  lb.  gage  and 
over.  Multiple  effect  compression  has  certain  Hmited  advantages  in 
special  cases  and  it  will  be  worth  consideration  when  two  evaporating 
pressures  are  carried.  Multiple  effect  compression  can  be  used  to 
advantage  in  carbonic  compression  for  coohng  the  Hquid  refrigerant, 
and  particularly  when  the  water  for  the  condenser  is  70  deg.  F.  and 
higher. 

Details  on  the  design  of  the  piping  should  be  specified  in  full.  The 
gas  flow  into  and  out  of  the  compressor  should  be  as  direct  as  possible. 
IMetalUc  packing  causes  much  less  friction  than  does  fibre  packing  or 
leather  cups,  will  not  wear  the  rod  as  much  and  can  be  made  gas-tight. 
By-pass  valves  and  connections  should  be  of  ample  size  and  convenient 
of  operation.  Means  should  be  provided  for  suction  from  the  atmos- 
phere, when  testing  out  under  air  pressure,  and  discharge  to  the  atmos- 
phere, when  pumping  a  vacuum,  without  having  to  remove  fittings  or 
flange  connections.  The  oil  and  scale  trap  should  be  of  ample  size  and 
should  be  designed  for  convenience  as  to  the  removal  of  oil  and  scale. 
For  carbonic  refrigeration  it  is  well  to  specify  that  the  scale  trap,  oil 
separator,  etc.,  should  be  welded.  Mention  should  be  made  of  the 
desired  size  of  the  suction  and  condenser  pressure  gages,  and  the  size 
and  the  location  of  the  safety  pop  valve,  whether  discharging  to  the 
atmosphere  or  to  the  low-pressure  side  of  the  system. 

Condensers. — Ammonia  condensers  should  be  erected  with  purge 
and  pump-out  connections.  The  amount  of  water  available,  and  its 
temperature,  should  be  mentioned,  and  the  kind  of  condenser  should  be 
specified  as  well  as  the  amount  of  the  condensing  surface,  which  in  all 
cases  should  be  hberal.^  The  modern  condensers  for  ammonia  are  the 
»  See  Chapter  II. 

2  See  construction  details  in  Chapter  II. 
^  See  Chapter  VI. 
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common  atmospheric,  the  drip  type,  the  double  pipe,  and  the  shell  and 
tube.  Compactness  and  moderate  efficiency  have  brought  the  shell  and 
tube  condenser  into  popularity,  especially  in  the  larger  sizes.  Of  the 
pipe  condensers  the  common  and  the  drip  type  are  the  popular  atmos- 
pheric condensers  in  the  order  named,  and  the  double  pipe  is  used  where 
the  water  is  reasonably  clear  and  particularly  for  automatic  and  other 
small  installations.  In  carbonic  work  the  welded  double  pipe  and  the 
modified  submerged  coil  type  are  preferred.  The  number  of  pipes  per 
stand  should  be  mentioned,  although  it  is  doubtful  whether  more  than 
twelve  pipes  are  economical.  The  number  and  the  spacing  of  the  stands, 
the  piping  arrangement  of  the  headers  and  the  liquid  drain,  the  kind  of 
fittings,  the  water  distributor  and  valves  should  be  specified.  If  the 
spacing  of  the  pipes  for  the  atmospheric  condenser  is  4|  in.  or  over, 
splash  strips  should  be  provided.  As  some  manufacturers  make  use  of 
full  weight  steel  pipe,  whereas  others  use  extra  heavy  steel  or  wrought 
iron,  the  kind  of  pipe  should  be  mentioned. 

The  Liquid  Receiver  should  be  specified  by  the  diameter  and  length, 
and  the  thickness  of  the  shell  and  of  the  heads  should  be  given.  The 
liquid  receiver  should  be  tested  before  shipment  with  a  500  lb.  air  pres- 
sure under  water.  The  volume  of  the  receiver  should  bear  a  relationship 
to  the  amount  of  the  Hquid  in  the  system  (see  Chapter  X),  and  in  the 
smaller  sizes  the  abihty  to  store  the  entire  amount  of  the  charge  in  the 
receiver  is  very  useful.  The  gage  glasses  should  be  protected  in  an 
approved  manner,  and  a  safety  valve  to  prevent  an  excess  pressure  in 
the  receiver  should  be  required."^ 

Fittings. — Fittings  may  be  screwed  or  flanged;  of  malleable  iron, 
semi-steel  or  drop  forged.  The  extensive  use  of  welding  has  stimulated 
the  use  of  steel  flanges  particularly,  as  well  as  steel  fittings  and  valves 
because  of  the  ease  in  welding,  especially  in  the  case  of  carbonic  refriger- 
ation. As  a  rule  the  screw  fitting  is  confined  to  the  smaller  pipe  sizes, 
whereas  the  larger  sized  pipe  uses  the  oval,  the  square,  or  the  round 
flange,  depending  on  the  size.  The  accepted  standard  flange  has  the 
tongue  and  groove,  using  a  lead,  rubber  or  asbestos  gasket.  In  carbonic 
refrigeration  it  has  been  found  that  the  only  tight  flange  is  that  made 
with  the  end  of  the  pipe  and  a  hard  gasket.  Care  should  be  taken  in  the 
specifications  so  as  to  include  the  kind  of  fittings  desired. 

Practically  all  ammonia  valves  are  designed  so  as  to  permit  packing 
of  the  valve  stem  while  the  valve  is  under  pressure.  Either  the  soft  or 
the  hard  seat  valve  may  be  specified,  and  both  have  relative  advantages. 
The  soft  seat  valve  will  be  tight  until  the  lead  is  squeezed  out  and 

■•  See  details  on  liquid  receivers  in  Chapter  IV. 
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reseating  becomes  necessary.  The  scale  trap  should  be  mentioned, 
giving  details  for  cleaning. 

Piping. — Steel  pipe  now  is  used  almost  exclusively  in  ammonia  refrig- 
eration, although  wrought  iron  is  still  specified.  There  is  no  standard 
weight  of  pipe  in  the  high-pressure  side,  as  a  number  of  manufacturers 
use  full  weight  pipe.  Likewise  both  full  weight  and  extra  heavy  pipe  is 
specified  for  the  direct  expansion  piping  in  ice  tanks.  It  is  usual  to 
specify  butt  welded  pipe  in  2-in.  sizes  and  under,  and  lap  welded  pipe 
in  sizes  over  2  in. 

In  ammonia  direct  expansion  piping  fittings  are  dispensed  with  as 
much  as  possible.  The  "  hair  pin  "  coil  is  now  used  in  many  cases 
where  continuous  welding  is  not  used.  Detail  drawing  should  be  made 
of  all  piping,  both  on  the  high  and  the  low-pressure  side. 

Ice  making  tanks  should  be  given  the  exact  dimensions  desired, 
including  the  thickness  of  the  plate,  the  bulkheads,  partitions,  scarfing 
of  the  seams,  reinforcing,  the  boxes  and  the  drains.  If  a  brine  cooler  is 
used,  the  diameter,  length  and  the  amount  of  surface  desired  should  be 
given.  The  tubes  are  frequently  2-in.  o.d.  of  No.  12  charcoal  iron  and 
are  expanded  into  the  tube  sheet,  which  is  approximately  |  in.  thick. 
A  single  pass  is  used  for  ice  tanks  and  4,  or  even  as  many  as  8,  passes 
for  general  brine  cooling.  A  pump  out,  oil  drain  and  liquid  gage  con- 
nection should  be  provided. 

The  size  and  the  number  of  cans,  the  amount  of  agitation  of  the  brine 
and  the  details  of  the  air  agitation  in  the  cans  should  be  specified 
(Chapter  XIII).  The  method  of  water  softening,  the  use  of  cooling 
towers  or  of  sprays,  the  kind  of  crane  for  the  cans  and  the  number  of 
cans  to  be  lifted  at  a  time,  the  use  of  baskets,  the  manner  of  thawing, 
etc.,  should  be  specified  and  not  left  to  the  manufacturer. 

Brine. — Calcium  chloride  brine  is  specified  for  most  large  work  not 
using  brine  sprays.  Such  brine  is  usually  best  when  it  is  free  from 
magnesium,  and  it  should  be  of  such  a  concentration  as  will  be  safe  from 
freezing  at  the  lowest  operating  temperature.^ 

The  following  tables  give  some  idea  of  the  detailed  weights  and 
sizes  of  standard  equipment. 

5  See  Chapter  VIII. 
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TABLE  164 
6-TON  Distilled  Water  Ice  Making  Plant — Flooded  (300-Lb.  Cans) 


Items 


Weight, 
Pounds 


1  Refrigerating  machine,  7j  X  10^  X  6  single  column 

Painting  machine  at  the  factory 

1  Double  pipe  ammonia  condenser,  8  pipes  high,  30  ft.  long,  1^X2;   black, 

full  weight,  wrought  iron  pipe 

1  Liquid  receiver,  welded,  12  in.  dia   by  12  ft.  long 

1  Oil  separator,  welded,  12  in.  dia.  by  3  ft.  long 

Ammonia  pipe  connections,  extra  heavy  discharge,  full  weight  suction.  .  .  . 


1  Freezing  tank,  23  ft.  by  11  ft.  4  in   by  4  ft.,  i  in.  steel 

1080  ft.  IJ  in.  full  weight  black  steel  tank  coils  with  stands  and  headers. 

1  Accumulator,  welded,  16  in.  dia.  by  4  ft.  9  in.  long 

72  Oak  covers  and  frames  with  can  guides 

72  Freezing  cans,  300  lb.,  1 U  X  22^  X  45 

1  Propeller  agitator,  15  in.  diameter 

Bulkhead  and  partitions  for  tank 

1  Crane  and  hand  hoist,  300  lb.  single  can 

1  Can  dump  300  lb.  single  iron  type 

1  Can  filler  and  20  ft.  5-ply  hose 


1  Exhaust  steam  oil  separator,  welded,  16  in.  by  4  ft.  long 

1  Shell  steam  condenser,  9  ft.  9  in.  long.   No.   10,  iron,  galvanized  and 

trough 

1  Distilled  water  pump,  steam  driven,  4  gal.  per  min 

1  Float  tank,  15  in.  dia.  by  24  in.  long  and  float  control 

1  Reboiler  7  in.X  16  in.X  18  in.  and  steam  coil,  painted 

1  Automatic  regulator,  J  in.  connection 

1  Double  pipe  distilled  water  cooler,  6  pipes  high,  10  ft.  long,  liX2  in. 

full  weight  galvanized 

2  Distilled  water  filters,  24  in.  dia.  by  5  ft.  long  with  charcoal  to  charge. . 
1  Distilled  water  storage  tank,  7  ft.X4  ft.X3  ft.  6  in.   ^  in.  iron,  with 

68  ft.  extra  heavy  2  in.  pipe 

Distilled  water  pipe  connections,  galvanized 


1  Horizontal  return  tubular  boiler  complete,  54  in.  dia.X  14  ft.  long,  60  hp. 

1  Boiler  feed  pump,  steam  driven,  9  gal.  per  min 

1  Feed  water  heater,  60  hp.  vertical  closed  type,  brass  tubes 

Steam  and  exhaust  pipe  connections 


45  Tons  of  salt.  .  . 
300  Lb.  ammonia. 


Engineer 

Usual  labor 

Union  labor 

5 J  Tons  calcium. 


11,000 


1,950 
600 
160 

1,000 


5,900 

4,750 

230 

2,880 

5,040 

410 

400 

1,220 

450 

40 


210 

580 
100 
115 
380 
75 

480 
1,230 

1,560 
300 


15,665 
180 

550 
600 


9,000 
300 
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TABLE  165 

-In.  and  2-In.  Double  Pipe  Ammonia  Condensers,  10  and  20  Ft.  Long, 

Specifications,  Weights  and  Prices 


Pipes, 
High, 
Inches 


Effective 

Surface, 

Square 

feet 


Height 

Over  Top 

Pipe, 

Inches 


Height 

Over  All, 

Inches 


Full 
Weight 
of  Pipe, 
Pounds 


Extra 

Heavy 

Pipe, 

Pounds 


Add  for 

Soldered 

Joints 


10-Ft.  Coils 


6 

21 

32 

47 

750 

840 

17 

8 

28 

40 

55 

1000 

1120 

22 

10 

35 

48 

63 

1250 

1400 

28 

12 

42 

56 

71 

1400 

1625 

33 

14 

49 

64 

79 

1700 

1900 

39 

20-Ft.  Coils 


4 

31.5 

24 

39 

720 

900 

11 

6 

47 

32 

47 

1080 

1320 

17 

8 

62.5 

40 

55 

1440 

1760 

22 

10 

78 

48 

63 

1800 

2200 

28 

12 

94 

56 

71 

2100 

2620 

33 

Gas,  liquid  and  purge  valves  and  2  pr.  flanges  for  water  connections  included. 
No  headers  nor  water  valves  included. 
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TABLE  166 
Condenser  Pans 


Ammonia  Condenser  Pans 

Flask  Steam  Condenser  Pans 

Steam 

Condenser  and  Distilled 

Water  Cooler  Pans 

Num- 
ber of 
coils 

Size  of  pan 

Weight, 
pounds 

Num- 
ber of 

flaslis 

Size  of 

pan 

Weight, 
pounds 

Num- 
ber of 
coils 

Size  of  pan 

Weight, 
pounds 

Ft.     Ft.  In. 

Ft.    Ft 

In. 

Ft.     Ft.  In. 

1 

14X    4X6 

600 

1 

12X    4 

X6 

520 

1 

12X    4X6 

520 

1 

24X    4X6 

1000 

1 

15X    4 

X6 

640 

1 

22X    4X6 

920 

2 

24X    6X6 

1400 

1 

18X    4 

X6 

760 

2 

22X    6X6 

1300 

3 

24X    7X6 

24X    9X6 

1600 
2000 

1 
2 

2 

22X    4 
12X    6 
15X    6 

X6 
6X6 
6X6 

920 
780 
960 

3 

22X    8X6 

1925 

4 

4 
5 

22X10X6 
22X12X6 

2100 

5 

24X10X6 

2200 

2550 

6 

24X12X6 

2700 

2 

18X    6 

6X6 

1200 

6 

22X14X6 

3000 

7 

24X13X6 
24X15X6 

3000 
3400 

2 

22X    6 

6X6 

1400 
1300 

7 
8 

22X16X6 
22X18X6 

3400 

8 

3 

15X    9 

X6 

3800 

9 

24X16X6 

3800 

3 

18X    9 

X6 

1600 

9 

22X20X6 

4200 

10 

24X18X6 

4200 

3 

22X    9 

X6 

1900 

10 

22X22X6 

4600 

11 

24X19X6 

4400 

4 

22X11 

6X6 

2450 

11 

22X24X6 

5000 

12 

24X21X6 

4800    . 

5 

22X14 

X6 

3000 

12 

22X26X6 

5400 

13 

24X22X6 

5000 

6 

22X16 

6X6 

3500 

13 

22X28X6 

5800 

14 

24X24X6 

5400 

7 

22X19 

X6 

4000 

14 

22X30X6 

6200 

15 

24X25X6 

5600 

9 

22X24 

X6 

5000 

15 

22X32X6 

6600 

16 

24X27X6 

6000 

11 

22X29 

X6 

5900 

16 

22X34X6 

7000 

18 

24X30X6 

6600 

14 

22X36 

6X6 

7200 

18 

22X38X6 

7400 

Note. — All  above  pans  made  of  n"in-  material.    Ammonia  condenser  pan  sizes  given  for  coils 
on  18-in.  centers. 

Sizes  above  heavy  line  are  built  up  at  factory.     Sizes  below  are  shipped  knocked  down. 
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TABLE  167 
Enclosed  Type  Machinery  and  High  Sides 


1   10-in.  XlO-in.,  two-cylinder,  belt-driven  machine 

3  Double  pipe  ammonia  condensers,  10  P.H.X20  ft.  long,  l\  in.  and  2-in 

F.  W.  steel  pipe 

Gas,  liquid  and  water  headers  for  condensers 

1  Ammonia  oil  separator,  16  in.  X4  ft 

1  Ammonia  receiver,  20  in.  X 10  ft 

Ammonia  connections: 

60  ft.,  2|  in.  E.  H.  steel  pipe 

5  2J  in.  ammonia  ells,  C.  F.  B.  &  G 

2  Fr.  2^  in.  ammonia  flanges  B.  &  G 

20  ft.,  3  in.  F.  W.  steel  pipe 

3  3-in.  ammonia  ells,  C.  F.  B.  &  G 

20  ft.,  1  in.  E.  H.  pipe 

2  Pr.  1  in.  ammonia  flanges  B.  &  G.,  gage  connections 

Total 

1   10-in.  X  10-in.,   two-cylinder  machine   arranged  for  horizontal   uniflow 

engine  drive 

1  10-in.  X  10-in. ,  two-cyhnder  machine  arranged  for  engine  type  synchronous 
motor  drive.  Includes  wheel,  shaft  extension,  coupling  and  outboard  bear- 
ing.    Shaft  swell  permissible.     No  exciter  pulley  included 

Add  to  above  for  pulley  when  belted  exciter  is  used 

Deduct  wheel  at  rate  of  12  cents  per  pound  list. 


Weight, 
Pounds 


1   12-in.  Xl2-in.,  two-cyhnder,  belt-driven  machine 

4  Double  pipe  ammonia  condensers,  12  P.H.X20  ft.  long,  Ij-in.  and  2-in 

F.  W.  steel  pipe 

Gas,  liquid  and  water  headers  for  condensers 

1  Ammonia  oil  separator,  20  in.  X5  ft 

1  Ammonia  receiver,  20  in.  X 16  ft 

Ammonia  connections: 

60  ft.,  3|  in.  E.  H.  steel  pipe 

5  3^  in.  ammonia  ells,  C.  F.  B.  &  G 

2  Pr.  3J  in.  ammonia  flanges  B.  &  G 

40  ft.,  4  in.  F.  W.  steel  pipe 

3  4  in.  ammonia  ells,  C.  F.  B.  &  G 

40  ft.  1\  in.  E.  H.  pipe 

2  Pr.  li  in.  ammonia  flanges,  B.  &  G.,  gage  connections 


Total 

1  12-in.  X  12-in.,  two-cylinder  machine  arranged  for  horizontal   uniflow 

engine  drive 

1  r2-in.  X  12-in.,  two-cvHnder  machine  arranged  for  engine  type  synchron- 
ous motor  drive.     Included  wheel,  shaft  extension,  coupling  and  out- 
board bearing.      Shaft  swell  permissible.      No  exciter  pulley  included. 
Add  to  above  for  pulley  when  belted  exciter  is  used 


11,400 

5,400 
324 
370 
850 


1,250 


19,594 
9,000 


12,360 
500 


21,300 

8,400 
448 
600 

1,200 


2,200 


34,148 

15,300 
23,050 


600 
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TABLE  169 
Freezing  Tanks,  Bulkheads  and  Partitions  Coil  Tanks,  300  Lb. 

Standard  Cans 


Standard  Tank  Sizes  Using 

Tons 

Horizontal  Agitators.       For 

of 

Vertical  Agitators  Add  7  In. 

Bulkheads  and 

Ice, 

Num- 

to    Tank     Length.     Tanks 

Weight 

Partitions 

Basis 

ber 

4  Ft.  0  In.  Deep.     Material 

per 

Weight, 

of  16 

of 

i-In.  Tank  Steel. 

Square 

Pounds 

Cans 

Cans 

Foot 

per 

Number 

Weight, 

ton 

Length                Width 

of 

pounds 

agitators 

Ft.        In. 

Ft.        In. 

l{ 

16 

11           0 

5         10 

12 

2,390 

200 

15 

13           01 

4           7§ 

12 

2,440 

220 

2I 

30 

15           1 

7          01 

12 

3,410 

250 

30 

13           Oi 

8           3 

12 

3,360 

240 

si 

42 

15           1 

9           5^ 

12 

4,080 

270 

42 

17           1| 

8          3 

12 

4,150 

280 

*{ 

56 

17           U 

10           S 

111 

4,660 

290 

54 

21           21 

8          3 

111 

4,730 

1 

300 

5| 

72 

19          2 

11         101 

111     j     5^460 

340 

70 

23           3 

9           5^ 

111     ]      5,560 

350 

5^{ 

80 

19           2            13           1 

IH     1     5,860 

360 

80 

23           3 

10           8              11^     i     5,980 

370 

6    1 

99 

21           21 

14           34 

6,800 

1 

380 

99 

25           3^ 

11         10^ 

6,830 

1 

390 

7h{ 

120 

23          3 

15           6 

7,550 

400 

120 

27           4 

13           1 

7,690 

420 

9    { 

144 

27          4 

15           6 

8,630 

440 

144 

35          6 

11         101 

9,000 

480 

11    { 

182 

29          4i 

17         11 

10,240 

500 

180 

33          5| 

15           6 

10,260 

520 

15    I 

240 

33           5^ 

20          4 

12,630 

550 

238 

37          6i 

17         11 

12,850 

600 

19    { 

306 

37          6| 

22           9 

15,370 

650 

304 

42           31 

20          4 

15,420 

775 

22    I 

360 

39          7 

25          2 

17,000 

2 

1000 

360 

44           4 

22          9 

17,0C0 

1 

900 

26    1 

418 

42          31 

27          7 

19,100 

2 

1150 

420 

46          4h 

25           2 

19,240 

2 

1200 

30    1 

484 

48          5 

27           7 

21,430 

2 

1300 

480 

52           6 

25          2 

21,490 

2 

1350 

371  { 

600 
600 

54          6i 
64          9 

30          0 

25           2 

25,500 
25,890 

2 
2 

1400 
1450 

45   { 

720 

64          9 

30          0 

29,830 

2 

1500 

720 

77           0 

25           2 

30,340 

2 

1550 

For  larger  tonnages  than  those  given  use  two  or  more  smaller  tanks  of  proper  size. 
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TABLE  169a 

Freezing  Tanks,  Bulkheads  and  Partitions  Coil  Tanks,  400  Lb. 
Standard  Cans 


Standard  Tank  Sizes  Using 

Tons 

Horizontal  Agitators.       For 

of 

Vertical  Agitators  Add  7  In. 

Bulkheads  and 

Ice, 
Basis 
of  12 

Num- 
ber 
of 

to   Tank   Length.         Tanks 
5  Ft.  1  In.  Deep.      Material 
i-in.  Tank  Steel. 

Weight 

per 
Square 

Weight, 
Pounds 

Partitions 

Cans 

Cans 

Foot 

per 
ton 

Length 

Width 

Number 

of 
agitators 

Weight, 
pounds 

Ft.        In. 

Ft.        In. 

5 

56 

17         n 

10           8 

5,360 

1 

370 

4 

54 

21           2h 

8           3 

5,480 

1 

390 

5 

63 

17           Ih 

11         10^ 

5,760 

1 

390 

5 

63 

21           21 

9           5i 

5,790 

1 

420 

7 

80 

19           2 

13           1 

6,500 

1 

470 

7 

80 

23           3 

10           8 

6,670 

1 

470 

8 

90 

21           2i 

13           1 

7,060 

1 

500 

7 

88 

25           3i 

10           8 

7,160 

1 

520 

9 

108 

21           2h 

15           6 

7,920 

1 

550 

9 

108 

27          4 

11         10^ 

8,170 

1 

580 

11 

132 

27          4 

14           31 

9,180 

1 

600 

11 

135 

33           5^ 

11      m 

9,710 

1 

700 

15 

182 

29           4i 

17         11 

11,480 

2 

950 

15 

180 

33          5h 

15           6 

11,570 

1 

850 

20 

224 

31           5 

20          4 

13,220 

2 

1000 

20 

224 

35          6 

17         11 

13,590 

2 

1100 

20 

270 

33           5i 

22          9 

14,810 

2 

1200 

20 

272 

37           6i 

20          4 

15,200 

2 

1350 

25 

320 

35           6 

25          2 

17,000 

2 

1425 

25 

320 

44           4 

20          4 

17,290 

2 

1550 

30 

360 

39           7 

25           2 

18,590 

2 

1650 

30 

360 

44           4 

22          9 

18,770 

2 

1725 

40 

460 

50           5^ 

25           2 

22,530 

2 

1800 

40 

450 

54           6^ 

22           9 

22,420 

2 

1875 

45 

540 

58          7h 

25          2 

25.730 

2 

1950 

45 

540 

64           9 

22           9 

26,120 

2 

2000 

For  larger  tonnages  than  those  given  use  two  or  more  smaller  tanks  of  proper  size. 
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TABLE  170 
Distilled  Water  Ice  Making  Apparatus 


D.  P.  Distilled  Water  Cooler 

Pipe 

Connections, 
Weight, 
Pounds 

Tons  of  ice 

Number  of 
coils 

Pipes  high 

Length 

Weight, 
pounds 

1 
2 
3 

2 
2 
3 

Ft.      In. 

7           0 

10           0 

10          0 

155 
225 
315 

130 
140 
150 

4 
5 
6 

4 
6 
6 

10           0 
10          0 
10          0 

385 

585 
585 

150 
300 
300 

8 
10 
12 

7 
8 
8 

10          0 
10          0 
10          0 

665 
750 
750 

300 
600 
600 

15 

20 
25 

2 

6 
8 
6 

20           0 
20          0 
20          0 

1,000 
1,300 
2,000 

650 
670 
680 

30 
35 
40 

2 
2 
2 

6 

8 
8 

20           0 
20          0 
20          0 

2,000 
2,600 
2,600 

700 
800 
900 

50 
60 
75 

3 
3 
4 

8 
8 
8 

20          0 
20          0 
20          0 

3,900 
3,900 
5,200 

950 
1000 
1200 

100 
125 
150 

5 

7 
8 

8 
8 
8 

20           0 
20          0 
20          0 

6,500 

9,100 

10,400 

1500 
2000 
2400 

200 

10 

8 

20           0 

13,000 

3000 

Distilled  Water  Filters 

Tons  of  Ice 

Number  of  Filters 

Size  of  Filters,  Inches 

Weight,  Pounds 

1 
2  to  30 
35  to  40 

1 
2 
3 

24X60 
24X60 
24X60 

6000 
1200 
1700 

50  to  60 

75 

100 

4 
5 
6 

24X60 
24X60 
24X60 

2300 
2800 
3350 

125 

150 
200 

7 

8 

10 

24X60 
24X60 
24X60 

3900 
4475 
5575 

Distilled  water  coolers  are  made  of  l^-in.  and  2-in.  F.  W.  Galvanized  pipe. 
Weights  include  cooler  only.     No  valves  nor  headers. 

Pipe  connections  include  all  necessary  distilled  water  piping  and  fittings. 
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Flask  Steam  Condensers 

Tons  of 
ice 

Flask  Steam  Condensers 

Tons  of 
ice 

Number 
of  coils 

Length 

Weight, 
pounds 

Number 
of  coils 

Length 

Weight, 
pounds 

1 
2 
3 

4 
5 
6 

8 
10 
12 

15 
20 
25 

2 
2 
2 

Ft.      In. 
9           9 
9          9 
9           9 

9          9 
9           9 
9          9 

9           9 
11           9 
15           6 

9           9 
11           9 
15           6 

670 
670 
670 

670 
670 
670 

670 

750 

1010 

1420 
1580 
2115 

30 
35 
40 

50 
60 
75 

100 
125 
150 

200 

3 
3 
3 

4 
5 
6 

7 

9 

11 

14 

I^t.      In. 
11           9 
15           6 
19          6 

19           6 
19           6 
19           6 

19          6 
19           6 
19           6 

19           6 

2,390 
3,170 
3,915 

5,120 
6,530 
7,840 

9,150 
11,750 
14,370 

18,200 

Reboilers 

Tons  of 
ice 

Reboilers 

Tons  of 
ice 

Size  of  tanks 

Weight, 
pounds 

Size  of  tanks 

Weight, 
pounds 

Ithru     6 

8thru  12 

15  and    20 

25  and    30 

Ft.     In.    In.  Ft. 

7       0   X16X18 

7       0   X30X18 

10       31X30X18 

13       9   X30X18 

440 

630 

900 

1100 

35  and    40 

50  and    60 

75  and  100 

125thru200 

Ft.    In.    In.  Ft. 
17         1X30X18 
20       6   X30X18 
23       91X30X18 
27       0   X30X18 

1350 
1550 
1820 
2170 

Distilled  Water  Refrigerators 


Tons  of  Ice 

Connections, 
Inches 

Weight, 
Pounds 

Tons  of  Ice 

Connections, 
Inches 

Weight, 
Pounds 

1  to  12 
15  to  20 
25  to  30 
35  to  40 

3 

4 

1 

u 

80 
83 
85 
87 

50  to    60 

75  to  100 

125  to  200 

2 
3 

91 
100 
108 

Float  Tanks 

Tons  of  Ice 

Float  Tanks 

Tons  of  Ice 

Size  of  tank, 
inches 

Weight, 
pounds 

Size  of  tank, 
inches 

Weight, 
pounds 

1  to      6 

15X24 

115 

8  to  200 

20X30 

205 
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TABLE  170— Continued 


Distilled  Water  Pumps 


Size  of  Cylinder, 
Inches 

Stroke, 
Inches 

Pipe  Connections,  Inches 

Weight, 
Pounds 

Steam 

Water 

Steam 

Exhaust 

Suction 

Discharge 

3 
3^ 

2 
2i 

3^ 
4 

3 

4 

u 

1 

u 

125 
200 

Steam  condensers  are  made  of  10-lb.  galvanized  steel  and  are  furni3hed  complete 
with  stands,  sprinkler,  troughs  and  steam  header. 

Reboilers  are  made  of  f-in.  steel  with  16-lb.  steel  cover  and  vent  pipes.  Steam 
coil  and  overflow  and  water  connections  included.     All  painted. 

Float  tanks  and  pumps  used  as  substitute  for  regulators  when  gravitv  feed  to 
water  storage  tank  not  possible.  Float  tanks  are  made  of  j-in.  steel  and  have  float 
control. 
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TABLE  171 

Specifications  Enclosed  Type  V.  S   A.  Ammonia  Compressors 


Cylinders, 
Inches 

Fly  Wheel 

Crank  Shaft, 
Inches 

Crank  Pins, 
Inches 

Number 

of 

Cylinders 

Bore 

Stroke 

Diam- 
eter, 
inches 

Face, 
inches 

Weight, 
pounds 

Diam- 
eter 

Length 
of  bear- 
ings 

Diam- 
eter 

Length 

1 

3 

3 

26 

3^ 

180 

n 

5 

u 

If 

2 

3 

3 

26 

3^ 

180 

H 

5 

u 

If 

1 

4 

4 

30 

M 

300 

2 

5 

2 

2f 

2 

4 

4 

30 

^ 

300 

2 

5 

2 

21 

2 

5 

5 

36 

Qh 

600 

2h 

6 

2h 

2f 

2 

6 

6 

42 

7h 

600 

3 

7 

3 

3i 

2 

7 

7 

48 

Sh 

1000 

3^ 

8 

3^ 

3f 

2 

8 

8 

50 

Sh 

1200 

4 

9 

4 

4f 

2 

9 

9 

60 

lOi 

1500 

^ 

m 

4^ 

5i 

2 

10 

10 

72 

12i 

1800 

5 

lU 

5 

5f 

2 

12 

12 

86 

14^ 

3250 

7 

14 

7 

6 

Piston  Pins, 
Inches 

Connection 
Rods,  Inches 

Pipe  Connections,  Inches 

Number 

of 
Cylinders 

Length, 

Diam- 

Am- 

Am- 

Water 

Water 

Diam- 
eter 

Length 

center 

to 
center 

eter  of 
bolts 

monia 
suc- 
tion 

monia 

dis- 
charge 

jacket 
inlet 

jacket 
outlet 

Steam 

Ex- 
haust 

1 

7 
8 

n 

7h 

1 

2 

3 

1 

3 
4 

3 

8 

1 

2 

i 

u 

7i 

1 
2 

3 

1 

3 
4 

\ 

h 

1 

n 

2 

10 

i 
2 

1 

3 

4 

3 
4 

1 

U 

2 

n 

2 

10 

^ 

1 

1 

U 

2 

u 

2| 

m 

5 

S 

u 

1  1 
■I4 

u 

2 

2 

u 

3i 

15 

3 

4 

u 

11 
^2 

u 

2 

2 

If 

3f 

m 

7 
8 

2 

11 
•I2 

2 

21 

2 

2 

41 

20 

1 

2h 

2 

1  2 

I2 

2^ 

3 

2 

2i 

41- 

22* 

u 

2h 

2 

11 

^2 

11 
'■I 

3 

5 

2 

2^ 

5f 

25i 

u 

3 

2^ 

2 

2 

2 

3i 

6i 

30 

4 

3^ 

2 

2 
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TABLE  172 
Enclosed  Type  Machines  and  High  Sides 

Items 


1  4-in.  X4-in.,  two  cylinder  B.  D.  machine. 

1  D.  P.  ammonia  condenser,  4  P.H.X20  ft.  long,  Ij-in.  and  2-in.  F.  W.  steel. 

1  Ammonia  oil  separator,  8  in.X20  in.  long. 

1  Ammonia  receiver,  6  in.  diameter  X8  ft.  long. 

Ammonia  connections: 

15  ft.  of  1  in.  E.  H.  steel  pipe. 
7  1-in.  ammonia  ells,  screwed. 

2  Pr.  1-in.  ammonia  flanges  B.  &  G.     Gage  connections. 
Machine  arranged  for  direct  engine  drive. 

1    5-in.  X5-in.,  two  cylinder  B.  D.  machine. 

1  D.  P.  ammonia  condenser,  6  P.H.X20  ft.  long,  Ij-in.  and  2-in.  F.  W.  steel. 

1  Ammonia  oil  separator,  8  in.X20  in.  long. 

1  Ammonia  receiver,  8  in.XS  ft.  long. 

Ammonia  connections: 

20  ft.,  U  in.  E.  H.  steel  pipe. 
7  Ij-in.  ammonia  ells  screwed. 

2  Pr.  Ij-in.  ammonia  flanges,  B.  &  G.     Gage  connections. 
Machine  arranged  for  direct  engine  drive. 

1  6-in.X6-in.,  two  cylinder  B.  D.  machine. 

1  D.  P.  ammonia  condenser,  8  P.H.X20  ft.  long,  l|-in.  and  2-in.  F.  W.  steel. 

1  Ammonia  oil  separator,  12  in.X36  in. 

1  Ammonia  receiver,  8  in.  X8  ft.  long. 

Ammonia  connections: 

20  ft.,  U-in.  E.  H.  steel  pipe. 
7  Is-in.  ammonia  ells  screwed. 

2  Pr.  l|-in.  ammonia  flanges,  B.  &  G.     Gage  connections. 
Machine  arranged  for  direct  engine  drive. 

1  7-in.X7-in.,  two  cylinder  B.  D.  machine. 

1  D.  P.  ammonia  condenser,  10  P.H.X20  ft.  long,  Ij-in.  and  2-in.  F.  W.  steel. 

1  Ammonia  oil  separator,  12  in.  X 36  in. 

1  Ammonia  receiver,  8-in.Xl8  ft. 

Ammonia  connections: 

25  ft.,  U-in.  E.  H.  steel  pipe. 
5  1^-in.  ammonia  ells  screwed. 
2  2-in.  ammonia  ells  screwed. 

2  Pr.  ll-in.  ammonia  flanges,  B.  &  G.     Gage  connections. 
Machine  arranged  for  direct  engine  drive. 


Note. — The  ammonia  condensers  listed  for  all  sizes  Enclosed  Type  Machine 
H.  S.  are  based  on  average  conditions.  If  the  conditions  are  extreme,  determine 
proper  size  condenser  from  capacity  sheets.  The  gage  connections  furnished  with 
4  in.  X4  in.  thru  9  in.  X9  in  enclosed. 

Type  Machine  High  Side  consists  of  the  following:    Gages  L.  and  H.  pressure 
20  ft.  J  in.  E.  H.  steel  pipe,  2  5  in.  angle  valves,  screwed. 

2  J  in.  ammonia  ells,  screwed.  4  Prs.  ?  in.  ammonia  flanges  B.  &  G. 
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TABLE  172— Continued 


Items 


1  8-in.X8-in.,  two  cylinder  B.  D.  machine. 

2  D.  P.  ammonia  condensers,  8  P.H.  X20  ft.  long,  U-in.  and  2-in.  F.  W.  steel. 

Gas  and  liquid  headers. 
1  Ammonia  oil  separator,  12  in.X36  in. 
1  Ammonia  receiver,  16  in.X7  ft. 

Ammonia  connections: 

30  ft.,  2  in.  E.  H.  steel  pipe. 

5  2  in.  ammonia  ells  C.  F.  B.  &  G. 

2  2^  in.  ammonia  ells  C.  F.  B.  &  G. 

2  Pr.  2-in.  ammonia  flanges,  B.  &  G. 

10  ft.,  ^  in.  E.  H.  pipe. 

1  5-in.  ammonia  screw  tee. 

1  Pr.  ^-in.  ammonia  flanges  B.  &  G. 

Gage  connections. 

Machine  arranged  for  direct  engine  drive . 


1  9-in.X9-in.,  two  cylinder  B.  D.  machine. 

2  D.  P.  ammonia  condensers,  10  P.H.X20  ft.  long,  Ij-in.  and  2-in.  F.  W.  steel. 

Gas  and  liquid  headers. 
1  Ammonia  oil  separator,  12  in.X36  in. 
1  Ammonia  receiver,  20  in.  X7  ft. 

Ammonia  connections: 

30  ft.,  2  in.  E.  H.  steel  pipe. 

5  2  in.  ammonia  ells,  C.  F.  B.  &  G. 

2  2|-in.  ammonia  ells,  C.  F.  B.  &  G. 

2  Pr.  2-in.  ammonia  flanges,  B.  &  G 

10  ft.,  f-in.  E.  H.  pipe. 

1  f-in.  ammonia  screw  tee. 

1  Pr.  f-in.  flanges,  B.  &  G. 

Gage  connections. 

B.  D.  machine  \vith  extended  base  plate  and  outboard  bearing. 

Machine  with  extended  base  plate  arranged  for  direct  Vertical  engine  drive. 

Machine  without  entended  base  plate  arranged  for  direct  vertical  engine  drive. 

Machine  without  extended  base  plate  arranged  for  horizontal  uniflow  engine 
drive. 

Machine  without  extended  base  plate  or  flywheel  but  with  shaft  length  suitable 
for  engine  type  synchronous  motor  drive.  No  swell  in  shaft  permissible.  Out- 
board bearing  included.  Motor  rotor  must  have  sufficient  weight  to  furnish 
necessary  flywheel  effect.  Motor  rotor  must  be  supplied  with  split  hub  or  spht 
rotor. 


No  exciter  pulley  included  in  above. 

Note. — The  gage  connections  furnished  with   10  in.  XlO  in.  and  12  in.Xl2 

Enclosed  Type  Machine  H.  S.  consist  of  the  following: 

40  ft.  i-in.  E.  H.  steel  pipe,  2  j-in.  ammonia  valves  screwed. 

2  j-in.  ammonia  ells,  screwed,  4  Prs.  i-in.  ammonia  flanges,  B.  &  G. 
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TABLE  173 

Sand  Filters,  Weights 

Tons  of  Ice 

Number  of 
Filters 

Size  of  Filters, 
Inches 

Style 

Weight, 
Pounds 

1 

12     X     50 

C 

700 

2 

12     X     50 

C 

700 

3 

12     X     50 

C 

700 

4 

12     X     50 

c 

700 

5 

12     X     50 

c 

700 

6 

12     X     50 

c 

700 

8 

16     X     51 

c 

1,000 

10 

16     X     51 

c 

1,000 

12 

18     X     52 

c 

1,350 

15 

18     X     52 

c 

1,350 

20 

24     X     53 

c 

2,200 

25 

24     X     53 

c 

2,200 

30 

24     X     53 

c 

2,200 

35 

1 

24     X     53 

c 

2,200 

40 

2 

24     X     53 

c 

4,400 

50 

2 

24     X     53 

c 

4,400 

60 

2 

30     X     61 

5,700 

80 

2 

30     X     61 

5,700 

100 

2 

36     X     62 

8,100 

120 

3 

30     X     61 

8,550 

150 

3 

36     X     62 

12,150 

200 

4 

36     X     62 

16,200 
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TABLE  174 
Ice  Freezing  Cans,  Specifications,  Weights 


Number  of  Cana 

per  Ton  per  24  Hr., 

19  Lb.  Suction,  250  Ft. 

li-in.  Coils  per  Ton 

Weight 
of  Ice 

Si 

ze  of  Cans,  Inches 

Space  Required  in 
Tank  for  Each  Can. 

Inches 

Weight 
of 

Cake. 
Pounds 

Can, 

Pounds 

Expansion 

Flooded 

Width 

Length 

Height 

Gage  of 

freezing 

freezing 

at  top 

at  top 

over 

galvan- 

Wide 

Long 

High 

system 

system 

aU 

ized  iron 

22 

20  i 

25 

4 

9 

24 

18 

7 

11 

27 

20 

S-17J 

15i 

50 

5 

12 

32 

16 

8 

14 

35 

27 

25 

23 

50 

6 

10 

32 

16 

9 

12 

35 

26 

22 

20  i 

50 

8 

8 

32 

16 

11 

10 

35 

26 

14J 

13 

60 

5 

14 

32 

16 

8 

16 

35 

29 

S-22 

20i 

100 

8 

16 

32 

16 

11 

18 

35 

42 

S-23 

21 

200 

lU 

22i 

32 

16 

14J 

24  i 

35 

60 

18i 

16i 

200 

14J 

14i 

36 

16 

17i 

mi 

39 

55 

S-15i 

14 

300 

Hi 

22h 

45 

16 

14^ 

24  i 

48 

70 

S-lli 

lOi 

400 

Hi 

22  i 

58 

14 

14J 

24  i 

61 

105 

Note. — Cans  marked  ''S"  are  Association  Standard. 


CHAPTER  XXII 

ELECTRIC   MOTORS 

For  some  time  it  has  been  considered  essential  that  the  refrigerating 
compressor  be  capable  of  having  a  widely  varying  rotative  speed,  but 
this  is  seldom  demanded  at  the  present  time.  When  a  variation  of 
capacity  is  required  it  can  be  obtained  by  varying  the  number  of 


Fig.  385.— The  Clearance  Pocket. 

machines  applied  to  the  load,  varying  the  number  of  cylinders  in  action 
by  disconnecting  one  cylinder  of  a  duplex  compressor,  by  increasing  or 
decreasing  the  amount  of  clearance  in  the  cylinder  by  the  expedient  of 
clearance  pockets  (Fig.  385),  and  in  the  smaller  sizes  by  making  the 
compressor  automatic.  In  Chapter  II  it  was  shown  that  the  amount  of 
clearance  affected  very  decidedly  the  capacity  of  the  compressor,  but 
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that  the  economy  of  operation,  i.e.,  the  horsepower  per  ton,  was  not 
appreciably  affected  by  clearances  from  4  to  8  per  cent  or  more.  Rotary 
speed  control,  therefore,  is  not  of  primary  importance  whereas  the 
requirements  of  a  good  electric  motor  are  a  good  starting  torque  and  high 
efficiency  during  full  speed  operation.  Before  going  into  the  details  of 
the  various  types  of  motors  a  few  electrical  principles  will  be  considered. 
Power. — True  power  in  an  alternating  electric  circuit  is  the  average 
value  of  the  products  of  the  coincident  instantaneous  values  of  the  cur- 
rent and  the  voltage  for  a  complete  circuit.  Power  factor  is  the  ratio  of 
the  true  power,  KW,  to  the  apparent  power,  kva.    This  is  expressed  as 

PF  =  ^ 

kva 

The  power  in  an  electric  circuit  is: 

Watts  =  EI  X  PF  for  single  phase 

=  2EI  X  PF  for  two  phase 

=  1.732  EI  X  PF  for  three  phase, 

where  /  =  the  effective  line  current  and  E  =  the  effective  volts  between 
the  terminals.  The  effect  of  changes  of  voltage  affects  the  starting 
torque  as  the  square  of  the  voltage  applied  to  the  primary. 

Three-phase  circuits  may  be  connected  in  delta  (A)  or  in  star  (Y). 
If  three  transformers  are  connected  in  delta,  the  voltage  across  each 
transformer  is  the  same  as  the  line  voltage,  whereas  the  current  in  each 
line  wire  is  \/3  times  the  current  in  the  transformer  winding.  If 
three  transformers  are  connected  in  star  the  current  will  be  the  same 
as  the  line  current,  but  the  voltage  will  be  \/3  times  the  voltage  across 
the  transformer  windings. 

Wire  and  Wiring. — The  size  of  conductors  can  be  obtained  by  the 
formula,  for  single  and  two  phase  with  unit  power  factor  at  the  motor: 

21. 6Z)/ 


cm  = 


where 


cm  is  the  size  of  the  copper  wire  in  circular  mils; 
D  is  the  length  of  the  circuit,  in  feet; 
/  is  the  current,  in  amperes; 
e  is  the  voltage  drop  in  the  length  of  circuit  D. 

For  three  phase  use  the  constant  10.8  where  e  is  the  voltage  drop 
per  wire.  The  line  voltage  at  the  motor  divided  by  -s/3  is  the  supply 
voltage  minus  the  voltage  drop  e. 
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< 

X 

Q 

o 


p^ 


Carrying  Capacity, 
Amperes 

OOO 
Of  CO 
ooot^ 
1— 1 

OOO 

oooio 
CO  "O  »o 

CM  10"0 
^  CM  t^ 

TfHCOCM 

lOOO 
CMOiO 
CMCM-H 

"OOO 

CM  O  OS 

T-H    1— ( 

OO-^l 

OO  t>-»o 

a 
fe.2 

ooo 

lO  "O  o 
CO  "O  lO 

ooo 
locico 
Tf<coco 

lO  "O  "O 
t^  CM  1^ 

CMCM  rH 

OiOO 
lOCM  O 

1— 1  r-l  .— 1 

OOO 

"OOOO 
"OiOCO 

Q 

lO 

o 

CI 
03 

cc 

P4 

3 
O 

a 

s 

O 

000003442 
000005380 
000007030 

000009579 

00001376 

00002155 

00005600 
00007673 
00012039 

00009423 
00038500 
00048994 

00078045 

0012406 

0019721 

0031361 
0049868 
0079294 

R  ohms 

per 
1000  ft. 

01051 
01313 
01501 

01751 
02101 
02627 

04203 
04906 
06186 

07801 
09838 
12404 

15640 
19723 

24869 

31361 
39546 
49871 

Length, 

Feet 
per  ohm 

ooo 

ooo 

ooo 

OOCO 

l^CMO 

lr^l>CM 

95,100 
76,100 
66,600 

57,100 
47,500 
38,050 

23,750 
20,383 
16,165 

12,820 

10,166 

8,062 

COO  "H 

05  t^  CM 

co_^o__o^ 

C0"''0'"'*~ 

3,188 
2,528 
2,005 

Length, 

Feet  per 

Pound 

3275 
4100 
4680 

5460 
6550 
8100 

C^5  CO  t^ 
00  1OO5 

05^05 

05  05  CO 
OC<I  C5 

o^o 

OCOOi 

I— (  1— 1  1-H 

CM  CO  CO 

TJHC0  1> 

OCM  "O 

1— 1    1-H    T— 1 

•s 

1 

Pounds 

per 
1000  Ft. 

ooo 

ooo 

O  COO 

OOO  00 

"C  O-H 

CM  O 

o  coc:i 

3050 
2440 
2135 

1830 
1525 
1220 

CM  c:>  t^ 

CO  coo 

t^COiO 

CM  00  CM 
O-H  lO 
MHCOCM 

005CO 
OiOCM 
CM  1-1  .-H 

O  Ol-H 

o  t^co 

<1 

Square 
mils  (d-) 
X  .7854 

oo 

ooo 

ooo 

OOO 

ooo 

OOO 

785,400 
628,000 
549,500 

471,000 
392,000 
313,900 

196,000 
166,190 
131,790 

104,520 

82,887 
65,733 

52,130 
41,339 

32,784 

25,998 
20,617 
16,349 

Circular 

mils  (d-) 

mils  =  .001 

inches 



oo 

ooo 

ooo 

OOO 

ooo 

OOO 

1,000,000 
800,000 
700,000 

600,000 
500,000 
400,000 

250,000 
211,600 
167,805 

133,079 

105,538 

83,694 

66,373 
52,634 
41,742 

33,102 
26,250 
20,816 

E 

c 

ill 

CM  "O  CO 

lOCOCO 
^005 

^05  00 
CTi-H  CM 
OOOOt^ 

590 

4600 

4096 

00  OOCO 

■*  '*  05 
COC^l  00 
CO  CO  CM 

2576 
2294 
2043 

1819 
1620 
1442 

^rH 

bC-S 

0| 

oo 

OO^ 

CMOOTji 

iOcOt>. 
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22 

O  '^  00 
CM  oco 

OO-H 

-^  CM  CO 

ooo 


Oi  CO  o 
iOCM  O 


OTf*  CO 

CO  oC'  "O 

Oi  CM  r-H 


fcl  o  o 

;;3   o3   CO   tn 


CM  lO 

00  00  —H 

O  lO  ^ 
o  ooo 

>0  M  CM 

OO'-H 


CM  OO-"-! 
CM  iC  O 

CO  CO  >o 

O'-H-H 

CM  CO  lO 


OC0  05 

O  CM  >0 
^  O  t^ 

00  CO  o 


CO  lo  00 

CM  »00 
05  CO  C^l 
CM  CM  CO 


00  OCO 
CO  'O  CO 
CM  O  -t< 


I  CM         CO  lO  00 


loot^eo 
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The  copper  wire  table  (Table  175)  has  simple  relations  for  approximate 
accuracy.  A  copper  wire  three  sizes  larger  (B.  and  S.  gage)  than  another 
wire  has  half  the  resistance,  twice  the  weight  and  twice  the  area.  A  wire 
which  is  ten  sizes  larger  than  another  has  one-tenth  the  resistance,  ten 
times  the  weight  and  ten  times  the  area.  The  larger  sized  wire  is  specified 
in  circular  mils,  and  the  number  of  feet  per  ohm  is  one-tenth  of  the 
circular  mileage.  To  find  the  weight  in  pounds,  drop  four  ciphers  from 
the  number  of  circular  mils,  and  multiply  by  the  weight  of  the  No.  10 
wire. 

The  Direct  Current  Motor. — The  direct  current  motors  are  classified 

according  to  the  field  windings  as  shunt,  compound  and  series  motors. 

„       ,  ,^  „  In  the  shunt  wound  motors 

Per  cent  torque 

u,        ^        ^       ^       [^        ^  the  field  is  excited  by  con- 

necting its  winding  with  a 
field  rheostat  in  series  with 
the  supply  line.  As  the 
load  increases  the  demand 
for  current  increases  and  a 
slight  decrease  in  speed  re- 
sults in  shunt  motors  of 
good  design. 

The  series  wound  motor 
has  its  field  winding  in 
series  with  the  armature 
winding,  and  all  of  the  cur- 
rent passes  through  the  field 
coils.  The  motor  speed  will 
vary  inversely  as  some  power  of  the  motor  load,  and  these  motors 
are  always  direct  connected  by  coupling,  chain  or  gear  to  the  load, 
and  even  then  they  are  always  under  the  control  of  the  operator. 
They  are  capable  of  starting  and  accelerating  heavy  loads  with  lower 
current  consumption  than  any  other  type  of  motor,  and  they  are 
especially  adapted  for  use  on  cranes,  hoists,  etc. 

The  cumulative  compound  wound  motor  is,  as  the  name  implies,  a 
combination  of  both  shunt  and  series  windings  for  the  field  excitation. 
These  motors  are  not  constant  speed,  but  they  are  used  where  the 
required  torque  varies  considerably,  being  high  at  starting  but  where 
at  the  same  time  the  speed  limiting  characteristics  of  the  shunt  motor 
are  desirable. 

The  Alternating  Current  Motors. — In  general,  the  alternating  cur- 
rent motors  are  classified  as  induction,  repulsion-induction  and  syn- 
chronous. The  alternating  current  induction  motors  are  classified  accord- 
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Fig.  388. — Repulsion  Motors. 
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ing  to  the  secondary  windings  as  squirrel  cage  or  wound  rotor.  At  the 
present  times  there  is  no  satisfactory  adjustable  speed  alternating 
current  motor  in  the  sense  of  the  direct  current  motor,  and  no  alternating 
current  motor  should  be  placed  on  loads  requiring  a  variable  speed. 

The  drop  of  speed  in  the  induction  motor  from  no  load  to  full  load 
is  called  the  "  slip,"  and  this  is  proportional  to  the  amount  of  resistance 
in  the  motor  windings  (Table  176).  If  a  motor  has  a  small  slip  it  is 
considered  a  constant  speed  motor,  and  it  compares  with  the  direct 
current  shunt  wound  motor  in  its  speed  torque  characteristics.  If  con- 
siderable resistance  is  placed  in  the  armature  the  slip  becomes  com- 
paratively high  and  the  speed  torque  characteristics  are  comparable 
with  those  of  the  compound  or  even  with  the  series  wound  direct  current 
motors,  thereby  securing  a  motor  more  adaptable  for  varying  speed 
work. 

Low  speed  motors,  having  a  slip  of  from  2  to  5  per  cent,  of  either  the 
so-called  squirrel  or  the  wound  rotor  type  are  adapted  to  constant  speed 
work,  and  the  selection  of  the  squirrel  cage  or  the  wound  rotor  motor 
depends  on  the  requirements  as  regards  the  starting  torque.  The  low 
slip  squirrel  cage  motor  usually  has  starting  torques  not  less  than  the 
following,  with  full  line  voltage  applied: 

2  and  4  pole  motors  have  150  per  cent  of  full  load  torque; 

6  pole  motors  have  135  per  cent  of  full  load  torque; 

8  pole  motors  have  125  per  cent  of  full  load  torque; 
10  pole  motors  have  120  per  cent  of  full  load  torque; 
12  pole  motors  have  115  per  cent  of  full  load  torque; 
14  pole  motors  have  110  per  cent  of  full  load  torque. 

It  requires  from  3  to  4|  times  the  full  load  current  from  the  line  to 
develop  full  load  torque  with  the  reduced  voltage  applied  at  starting,  in 
the  case  of  the  squirrel  cage,  and  only  Ij  times  the  full  load  current 
with  the  wound  rotor  when  the  proper  resistance  is  inserted  between  the 
collector  rings.  The  maximum  running  torque,  or  the  so-called  pul] 
out  torque,  for  all  polyphase  induction  motors  with  rated  impressed 
voltage  is  not  less  than  200  per  cent  of  full  load  torque. 

Squirrel  cage  motors  of  somewhat  higher  slip,  from  8  to  12  per  cent, 
are  used  where  the  starting  torque  required  is  large  compared  with  the 
running  torque,  or  where  flywheels  are  employed.  By  varying  the 
external  resistance  on  a  wound  rotor  motor  a  condition  can  be  created 
which  will  practically  duplicate  the  speed  torque  characteristics  of  the 
various  classes  of  squirrel  cage  motors,  but  the  current  is  approximately 
the  same  for  all  speeds. 
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The  single  phase  repulsion  induction  constant  speed  motor  is  good 
for  small  capacities  where  a  high  starting  torque  is  required  as  well 
as  the  lowest  possible  starting  current.  Such  motors  give  starting  torques 

of  from  2  to  4  times 
the  full  load  torque, 
and  the  maximum  run- 
ning torque  is  from  If 
to  2  times  or  more  the 
full  load  torque. 

Figure  386  shows 
the  operating  charac- 
teristics of  this  type 
of  motor,  and  Fig.  387 
gives  the  efficiency  and 
the  power  factor.  The 
power  factor  may  be 
made  leading  at  Ught 
loads  but  at  a  loss  of 
efficiency  so  that  leading  power  factor  is  seldom  called  for. 

Direct  Connected  Electric  Motors. — In  contrast  to  the  ammonia 
compressor  the  direct  connected  carbonic  compressor  is  a  problem  by 
itself  due  to  the  unbalance  occasioned  by  a  difference  of  about  25  per 
cent  in  the  net  area  of  the  head  and  crank  ends  and  the  very  high 
suction  pressures  of  300  to  500  lb.  per  sq.  in.  According  to  McLene- 
gran  ^  a  double-acting,  single-cylinder  carbonic  compressor  will  require 
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Fig.  388. — Pole  Faces  of  Synchronous  INIotors. 


37|  per  cent  of  full  load  torque  simply  to  overcome  the  unbalance  during 
the  starting  period.  After  full  speed  is  attained  the  flywheel  will 
partly  smooth  out  the  unbalance. 

1  D.  W.  McLenegran,  Refrigerating  Engineering,  January,  1927. 
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If  the  double-acting  compressor  is  one  with  two  cylinders  with  cranks 
at  90  degrees,  the  imbalance  will  be  reduced  to  about  21  per  cent, 
whereas  the  duplex  double-acting  compressor  reduces  the  unbalance  to 
zero  provided  the  cranks  are  at  180  degrees. 

Flywheel  Requirements. — Considerable  interest  has  been  shown 
on  the  subject  of  flywheel  requirements  for  electric  driven  refrigerating 
machines.^  The  problem  appears  to  be  one  of  reducing  the  current 
pulsations  to  a  minimum,  to  get  the  required  flywheel  effect  in  the 
rotor  of  the  motor  if  possible  and  to  have  a  flywheel,  or  its  equivalent, 
which  will  come  into  step  easily  on  excitation.  Stevenson  has 
worked  out  a  number  of  curves  for  particular  designs  of  compressors 
which  reduce  the  labor  in  the  calculation  of  the  required  size  of  the 
flywheel. 

The  Synchronous  Motor. — A  number  of  factors  have  been  respon- 
sible for  the  popularity  of  the  synchronous  motor.  It  lends  itself  to  direct 
connection  having  a  comparatively  large  air  gap  with  respect  to  the 
induction  motor  (which  has  from  0.02  in.  to  0.05  in.)  and  so  it  can  take 
an  appreciable  wear  of  the  bearings  without  danger  of  rubbing  of  the 
stator  and  rotor.  The  synchronous  motor  can  give  unity  power  factor 
or  even  a  leading  power  factor  without  any  more  difficulty  than  an 
over  excitation  of  the  field.  Depending  on  the  type  of  compressor,  the 
necessary  flywheel  effect  for  satisfactory  operation  may  be  incorporated 
in  the  rotor  of  the  slow  speed  synchronous  motor,  thereby  saving  in  space 
and  the  cost  of  material.  It  is  both  feasible  and  desirable  also  to  throw 
the  motor  direct  on  the  line,  thus  ehminating  auto  transformers  and 
tandem  switches,  for  small  capacities  onty. 

The  synchronous  motor,  from  its  name,  means  no  shp  whatsoever. 
The  torque  is  produced  by  a  slight  lag,  some  3|  to  6  electrical  degrees, 
which  enables  it  to  carry  the  load  in  a  manner  similar  to  the  action  of 
torsion  in  a  steel  shaft.  Such  motors  to  be  self-starting  must  come  up 
to  the  neighborhood  of  synchronous  speed  by  means  of  an  induction 
motor  feature  in  the  design.  This  consists  of  brass  or  copper  bars,  or 
iron  or  steel  conductors  inside  brass  tubes,  placed  in  slots  in  the  pole 
faces,  the  bars  being  connected  together  by  means  of  end  rings.  During 
the  starting  period  the  direct  current  excitation  is  removed,  and  the 
revolving  flux  produced  by  the  alternating  current  in  the  armature 
windings  reacts  on  the  squirrel  cage  windings  as  in  the  induction  motor. 
As  the   induction   motor   cannot   reach   synchronous   speed   the   final 

-  Theodore  Schou,  The  Present  Status  of  Synchronous  Motors  for  Direct  Con- 
nection to  Compressors,  Amer.  Society  Refrigerating  Engineers,  May  26,  1922. 

A.  R.  Stevenson,  The  Flywheel  Problem  in  Compressors  Direct  Connected  to 
Synchronous  Motors,  Refrigerating  Engineering,  October,  1924. 
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"  pull  in  "  is  obtained  when  the  direct  current  excitation  is  applied, 
which  it  will  do  if  the  speed  is  within  2  to  5  per  cent  of  synchronism, 
depending  on  the  land  of  load  and  the  amount  of  flywheel  effect  which 
it  is  necessary  to  accelerate.  In  the  case  of  reciprocating  compressors, 
which  give  a  varjdng  resisting  torque,  there  is  a  periodic  variation  in 
the  displacement  angle  of  the  rotor,  and  a  corresponding  fluctuation  in 
the  current  drawn  from  the  supply.     To  make  this  variation  a  minimum. 


Direct -current 
excitation 


Fig.  389. — Two  Speed  Synchronous  Motor. 


the  weight  of  the  flywheel  should  be  sufficient,  but  too  great  a  weight 
will  prevent  a  proper  starting  of  the  motor. 

Figure  388  shows  the  arrangement  of  one  type  of  pole-face  windings. 
About  35  per  cent  of  the  full  load  torque  is  required  to  start  compressors 
unloaded.  Torques  of  40  per  cent  will  bring  the  average  compressor  up 
to  95  per  cent  synchronous  speed  in  less  than  30  seconds.  The  modern 
type  of  motor  will  deliver  not  less  than  140  per  cent  of  the  full  load 
torque  before  falling  out  of  synchronism.  The  modern  tendency  to 
decrease  the  air  gap  decreases  the  required  amount  of  direct  current 
excitation. 
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Figure  389  shows  a  design  of  a  two-speed  synchronous  motor.  At 
times  such  a  variation  of  speed  is  desirable,  and  the  efficiency  of  such  a 
motor  operating  at  speeds  of,  say,  600  and  300  r.p.m.  in  the  medium 
sizes,  is  about  95  per  cent  at  both  speeds. 


TABLE  176 

Speed  of  Rotary  Field  fob  Different  Numbers  op  Poles 
AND  FOR  Various  Frequencies 


Number 

Speed  of  Revolving 

Magnetism, 

in  R.p.m., 

When  Frequency  Is 

of  Poles 

25 

30 

33i 

40 

50 

60 

2 

1500 

1870 

2000 

2400 

3000 

3600 

4 

750 

900 

1000 

1200 

1500 

1800 

6 

500 

600 

667 

800 

1000 

1200 

8 

375 

450 

500 

600 

750 

900 

10 

302 

360 

400 

480 

600 

720 

12 

250 

300 

333 

400 

500 

600 

14 

214 

257 

286 

343 

428 

514 

16 

188 

225 

250 

300 

375 

450 

18 

167 

200 

222 

267 

333 

400 

20 

150 

180 

200 

240 

300 

360 

22 

136 

164 

182 

217 

273 

327 

24 

125 

150 

167 

200 

250 

300 

Slip  of  Induction  Motors 


Capacity 
of  Motor 

Slip,  at  Full  Load, 
Per  Cent 

Capacity 

of  Motor 

Horse  Power 

Slip,  at  Full  Load, 
Per  Cent 

Horse  Power 

Usual  limits 

Average 

Usual  limits 

Average 

1 

8 

20-40 

30 

15 

5-11 

8 

1 
i 

10-30 

20 

20 

4-10 

7 

h 

10-20 

15 

30 

3-9 

6 

1 

8-20 

14 

50 

2-8 

5 

2 

8-18 

13 

75 

1-7 

4 

3 

8-16 

12 

100 

1-6 

31 

5 

7-15 

11 

150 

1-5 

3 

7h 

6-14 

10 

200 

1-4 

2^ 

10 

6-12 

9 

300 

1-3 

2 
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TABLE  177 
Wire  Capacity  of  Condtjits 


Number  of  Wires  in  One  Conduit 

Size  of  Wire 

Diameter 

Size  of  Unlined,  Wrought-iron,  Conduit  for  0- 

500 

Rubber  Insul. 

Volts. 

[lubber  Insulated  Double-braid  Wires 

B.  and  S. 

Double  Braid 
in32nds.  In. 

Gage 

1 

2 

3 

4 

5 

6 

7 

8 

9 

14 

8 

1 

2 

1 

2 

3 

4 

3 
4 

1 

1 

1 

U 

12 

9 

1 
2 

3 

4 

3 

4 

3 
4 

1 

u 

u 

u 

10 

10 

1 
2 

3 

4 

u 

u 

u 

u 

8 

11 

\ 

11 

J^4 

11 

11 
A4 

u 

u 

u 

u 

6 

14 

\ 

1  1 
•■•4 

u 

u 

u 

u 

2 

2 

3 

15 

3 
4 

1  1 
^1 

1  1 

^4 

1  1 

J^2 

2 

2 

2 

2^ 

4 

16 

3 

4 

1  1 
•I4 

1  1 
•■■2 

1  1 
J-2 

2 

2 

2 

21 

3 

17 

3 
4 

1  1 
•■■4 

1  1 
■•■2 

2 

2 

2 

2i 

2^ 

2 

19 

3 
4 

11 

'■  2 

11 
■I2 

2 

2 

21 

2^ 

2i 

3 

1 

21 

1 

1  1 
I2 

2 

2 

2^ 

2i 

3 

3 

3 

0 

23 

1 

2 

2 

2 

2§ 

3 

3 

3 

3^ 

00 

24 

1 

2 

2 

2^ 

2^ 

3 

3 

3 

3i 

000 

26 

u 

2 

2^ 

2^ 

3 

3 

31 

31 

3^ 

0000 

28 

u 

2 

2i 

3 

3 

31 

3i 

31 

200,000  C.  M. 

29 

u 

2 

2i 

2i 

250,000     " 

30 

u 

2^ 

2i 

3 

300,000     " 

32 

u 

2^ 

3 

3 

350,000     " 

1-2 

u 

3 

3 

3i 

400,000     " 

1-3 

u 

3 

3 

3^ 

450,000     " 

1-5 

u 

3 

3 

3^ 

500,000     " 

1-6 

u 

3 

3 

3^ 

Two-phase  vs.  Three-phase. — Due  to  the  superior  distribution  of  the  stator  wind- 
ings, three-phase  motors  are  slightly  more  efficient  at  all  loads  than  two-phase 
motors  of  corresponding  size.  The  power-factor  is  also  higher  especially  at  light 
loads,  and  the  starting  torque  with  full-load  current  is  greater.  Furthermore,  for 
equal  conditions  of  load  and  voltage,  the  amount  of  copper  required  in  the  dis- 
tributing system  is  less.  Consequently,  whenever  service  conditions  will  permit, 
three-phase  motors  are  preferable  to  two-phase. 
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TABLE  178 

Wire  Sizes  for  Alternating  Current  Motors 

Sizes  of  wire,  fuses  and  switclics  for  use  with  squirrel  cage  continuous  rated 
induction  motors.  Voltage  drop  not  considered.  Use  next  larger  wire  for  motors 
below  COO  r.p.m.     l^se  last  column  for  wound  rotor  motors. 


220-volt  Motors,  3-phase,  60  Cycles 


Horse 
Power 

Average 
Ampere 
Rating 

Wire  Size 
Code 

Switch 
Amperes 

Starting 
Fuse 

Running 
Fuse 

Wire  Size 

Based  on 

125  Per  Cent 

Load 

1 

3.5 

14 

15 

10 

5 

14 

3 

9.5 

12 

25 

25 

15 

14 

5.0 

15.4 

10 

50 

35 

20 

12 

7.5 

22.4 

8 

50 

45 

30 

8 

10.0 

29.0 

6 

75 

65 

40 

7 

15.0 

42.5 

4 

100 

100 

60 

5 

20.0 

55.0 

2 

150 

130 

75 

4 

25.0 

68.0 

1 

150 

150 

95 

2 

30.0 

80.0 

0 

200 

200 

100 

1 

40.0 

105.0 

00 

300 

225 

150 

00 

50.0 

130.0 

000 
Mem. 

300 

250 

175 

000 
Mem. 

75.0 

192.0 

300 

400 

400 

275 

250 

100.0 

252.0 

450 

500 

550 

350 

400 

150.0 

368.0 

800 

800 

850 

550 

600 

200.0 

484.0 

1000 

1000 

1150 

725 

900 

440-volt  Motors,  3-phase,  60  Cycles 


1.0 

1.8 

14 

15 

5 

3 

14 

3.0 

41.8 

14 

15 

15 

7 

14 

5.0 

7.8 

14 

25 

20 

10 

14 

7.5 

11.0 

10 

25 

25 

15 

14 

10.0 

15.0 

9 

50 

35 

20 

12 

15.0 

21.0 

8 

50 

50 

30 

10 

20.0 

27.0 

7 

75 

75 

40 

8 

25.0 

34.0 

6 

75 

75 

50 

7 

30.0 

40.0 

5 

75 

90 

55 

6 

40.0 

52.0 

3 

150 

135 

75 

4 

50.0 

65.0 

2 

150 

175 

90 

3 

75.0 

96.0 

0 

300 

225 

140 

0 

100.0 

126.0 

000 
Mem. 

300 

275 

175 

GO 

150.0 

184.0 

250 

400 

400 

275 

0000 
Mem. 

200  0 

242.0 

400 

500 

550 

350 

400 

CHAPTER  XXIII 
STEAM  AND  OIL  ENGINES 

Previous  to  1915,  generally  speaking,  and  1910  in  particular,  the 
steam  engine  was  almost  the  only  source  of  power  in  ice  making  plants. 
At  the  present  time  (1927)  steam  is  seldom  used  except  in  special  cases, 
such  as  the  packing  plants,  some  isolated  ice-making  plants,  especially 
if  the  water  available  at  the  plant  requires  distillation  in  order  to  make 
it  fit  for  can  ice  making,  and  in  the  majority  of  the  larger  hotels  and 
apartment  houses. 

Whereas  in  the  earlier  days,  when  coal  was  comparatively  cheap,  the 
Corliss  engine  was  used  almost  exclusively,  now  it  is  usual  to  use  the 
more  economical  forms  of  prime  movers.  The  exceptions  would  be  in 
cases  such  as  hotel  refrigeration  where  a  heat  balance  is  attempted  and 
the  exhaust  steam  is  used  for  heating  purposes  in  the  winter  and  an 
electric  motor  drive  is  used  at  times  when  steam  is  not  required  for 
heating. 

When  economy  of  steam  is  required,  and  a  relatively  small  engine  is 
to  be  used,  the  poppet  valve  and  the  uniflow  steam  engines  are  the 
usual  types  which  are  likely  to  be  selected. 

The  Uniflow  Steam  Engine. — One  of  the  great  losses  in  economy  in 
the  steam  engine  is  that  due  to  cylinder  condensation  and  re-evapora- 
tion. These  losses  are  occasioned  by  the  absorption  of  heat  by  the 
cylinder  walls,  ports  and  the  piston  head.  When  saturated  steam  is  used 
the  exposed  metal  causes  a  partial  condensation  of  the  steam  up  to  the 
point  of  cut-off — the  walls  and  ports  being  heated  accordingly — and 
then  during  the  expansion  of  the  steam  after  the  point  of  cut-off  these 
same  metals  begin  to  heat  and  re-evaporate  the  steam  as  soon  as  the 
steam  temperature  falls  below  that  of  the  cylinder  walls.  As  heat  is 
taken  from  the  cylinder  walls  and  head  its  temperature  falls  to  a  point 
that  is  relatively  cold  as  compared  with  the  incoming  steam  at  the 
beginning  of  the  next  stroke.  The  net  result  of  this  heat  exchange 
between  the  steam  and  the  metals  of  the  engine  is  the  use  of  much  more 
steam  than  is  required  for  the  work  performed.  In  order  to  overcome 
these  losses  it  is  possible  to  use  superheated  steam  or  a  design,  as  in  the 
uniflow  engine,  which  does  not  permit  the  coohng  of  the  engine  to 
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develop  to  the  extent  that  it  does  in  the  slide  valve  or  the  usual  four- 
valve  engines.  In  the  uniflow  design  the  steam  is  exhausted  through  ports 
in  the  cylinder  barrel  which  are  uncovered  by  the  piston  at  the  end  of 
its  stroke.  The  piston  has  to  be  especially  long— sUghtly  less  than  the 
length  of  the  stroke.    The  uniflow  engine  is  usually  designed  to  operate 


Stator  support 
bracker 


■g-  of  shims  1 


"Ui-   -t!^ 


Fig.  390.— Flywheel  Type  Synchronous  Motor. 


both  condensing  and  non-condensing,  and  by  the  use  of  a  special  device 
the  engine  may  operate  either  manner  automatically. 

The  Water  Rate.— The  performance  curves  (Figs.  392  and  395)  show 
that  with  saturated  steam  the  water  rate  is  less  than  14  lb.  per  i.hp.hr., 
but  this  steam  consumption  rate  is  much  improved  with  the  use  of 
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Exhaust  SI 

Fig.  391. — Uniflow  Steam  Engine. 


I  18 


16 


0.786 


0.815 


0.824 


0.816 


18. 

19 

17.74 

K 

17.7 

17.58 

100  150  200  250  300 

Fig.  392. — ^^'ater  Rate  Uniflow  Engine. 


10      20      30      40     50     60     70     80      90     100 
Per  cent  stroke 

Fig.  393. — Piston  Velocity  of  Uniflow  Engine. 
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superheated  steam.  At  full  load  and  with  100  deg.  F.  superheat  the 
water  rate  is  less  than  10.5  lb.,  and  with  200  deg.  superheat  it  is  less 
than  9  lb.  The  action  of  the  superheat  is  to  tend  to  prevent  the  con- 
densation of  the  steam,  and  the 
rate  of  absorption  of  heat  by 
the  materials  of  the  engine  is 
reduced  very  greatly  on  account 
of  the  lower  value  of  the  coeffi- 
cient of  heat  transfer  from  metals 
to  a  gas  than  to  a  wet  vapor. 
Sizes  of  uniflow  steam  engines 
are  given  in  Tables  180  and 
183. 

The  Oil  Engine.— One  of  the 
recent  outstanding  developments  in 
prime  movers  applied  to  the  refrig- 
erating industry  has  been  that  in 


Fig.  394.— Double   Seated  Exhaust  Uni- 
flow Steam  Engine. 


regard  to  the  oil  engine  of  the  Diesel  and  the  semi-Diesel  types.  The 
economy  of  the  Diesel  engine  is  remarkable,  being  as  low  as  0.4  lb.  of 
fuel  oil  per  b. hp.hr.    This  type  of  engine  has  become  reliable,  and  the 

maintenance  cost  is  claimed 
to  be  less  than  that  of  the 
majority  of  small  steam 
plants.  One  factor,  how- 
ever, is  that  of  the  operator 
who  is  not  as  numerous  as 
the  steam  engineer,  and  this 
might  cause  considerable  an- 
noyance in  isolated  plants, 
except  in  the  case  of  the 
simpler  designs  of  semi- 
Diesel,  hot  bulb,  etc.,  types, 
which  are  becoming  quite 
reliable. 

Generally  speaking,  it 
can  be  said  that  the  oil 
engine  usually  employed 
for  refrigerating  plants  is 
direct  connected,  although  the  belt  drrve  is  still  found.  The  oil 
engine  may  be  horizontal  or  vertical,  four-cycle  or  two-cycle,  air 
injection  or  airless  injection  of  the  fuel,  full  or  semi-Diesel,  all  com- 
bined   with    various   methods    of   cooling,    and    with  details    of    the 


100  200  300  400 

Kw.  load 

Fig.  395. — Steam  Consumption  Vertical  Uniflow 
Steam  Engine. 
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TABLE  180 

Specifications  op  Anderson  Diesel  Engines  (Type  KD) — Heavy  Duty 

R.p.m.  =  257.     Piston  Speed  =  771  Ft.  per  Minute. 
6-cylinder  Engines  Have  One  Flywheel 


Kilo- 

Num- 

Flywheel 
Diam- 

Exhaust 

Piston 

Floor 

Height 

Concrete 

Power 

watt 

ber  of 

eter, 

Weight, 

Open- 

Length, 

Weight, 

Space, 

above 

Cubic 

Rating 

Capac- 
ity 

Cylin- 
ders 

Width, 
Inches 

Pounds 

ing, 
Inches 

Inches 

Pounds 

Inches 

Floor 

Yards   of 

Ft.     In. 

50 

33 

1 

62X10 

3300 

8 

24 

19,100 

62  X    81 

9        11 

7.9 

60 

40 

1 

66X10 

3600 

8 

28 

21,400 

66  X    87 

10          Ih 

8.7 

100 

67 

2 

62X10 

3300 

8 

24 

25,700 

62X109 

9        11 

11.3 

120 

80 

2 

66X10 

3600 

8 

28 

32,600 

66X120 

10         U 

12.5 

150 

100 

3 

62X10 

3300 

8 

24 

35,100 

62X137 

9        11 

14.7 

180 

120 

3 

66X10 

3600 

8 

28 

42,400 

66X153 

10          U 

16.2 

200 

134 

4 

62X10 

3300 

8 

24 

39,500 

62X166 

9        11 

18.1 

240 

160 

4 

66X10 

3600 

8 

28 

51,200 

66X186 

10         U 

20.0 

300 

200 

6 

62X10 

3300 

8 

24 

59,000 

62X222 

9        11 

24.8 

360 

240 

6 

66X10 

3600 

8 

28 

64,000 

66X252 

10        u 

27.0 

Note. — The  shipping  weights  above  are  intended  to  cover  shipment  where  engines  are  sent  out 
with  the  average  equipment. 


TABLE  181 
Fairbanks-Morse  Diesel  Engines 


Cylin- 
ders 

R.p.m. 

Floor  Space 

Horse 
Power 

Standard  and 
belted  electric 

Direct-connected 
electric  engine 
and  generator 

Height 
above 
Floor 

Ft.           Ft.     In. 

Ft.           Ft.     In. 

Ft.      In. 

40 

1 

300 

8X97 

8     X     13       7h 

8         7 

60 

1 

257 

8     X     11       3 

8     X     13       6 

9         6 

80 

2 

300 

8     X     12       0 

8     X     15       3k 

8         7 

120 

2 

257 

8     X     14       7 

8     X     16       8^ 

9         6 

180 

3 

257 

8     X     17     10 

8     X     19     10 

9         6 

240 

4 

257 

8     X     21       0 

8     X     22       7 

9         6 

360 

6 

257 

8     X     28       0 

8     X     30       6i 

9         6 
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cylinder  head,  fuel  nozzls,  governor,  piston  head  and  details  govern- 
ing the  method  of  ignition. 

Figure  398  gives  a  typical  fuel  consumption  curve  of  a  100-hp.  oil 


Fuel  injection  nozzle 


Cooling  water 
thermometer 


Combustion  space 


Compression 
relief 


Air  inlet  ports 


Cooling  water 
control  valve 


Starting  air 


Exhaust  ports 


\Water  inlet 
and  drain 


Fig.  397.— Fairbanks-Morse  Oil  Engine. 


engine.  The  oil  engine-driven  plant,  consisting  of  two  100-hp.  oil  engines, 
would  cost  with  auxiliaries,  including  a  60-kw.  generator  unit,  exhaust 
silencers,  starting  unit,  oil  storage  tank,  foundations,  etc.,  about  $17,500 
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more  than  the  electrically  driven  plant  consisting  of  two  100-hp.  syn- 
chronous motors  with  exciters  and  control  panels.  This  cost,  figured 
on  a  basis  of  15  per  cent  overhead,  to  include  interest,  depreciation  and 
taxes  would  amount  to  $2625  per  year.    To  make  the  oil  engine  economi- 
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Fig.  398. 


50        60        70        80 
Brake  horse  power  (b.  hp.) 
Worthington  Oil  Engine  Economy  Curve 


90        100       110       120 


cal,  the  saving  figured  from  a  consideration  of  the  fuel  and  operator  costs 
must  pay  for  the  additional  costs  within  a  reasonable  time. 

Figures  396  and  397  give  details  of  different  designs  of  oil  engine 
cyUnders. 
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Absorption  refrigerating  machine,  82 

abstract  from  Bulletin  No.  14G,  94 

aqua  pump,  93 

capacities  and  surfaces,  90,  91 

charging,  324 

history  of,  82 

intermittent,  103 

modern  design  of,  82,  86 

operation  of,  325 

vapor  pressure,  aqua  ammonia,  99,  100 
Agitators,  for  brine,  393,  395 

horizontal,  394 

vertical,  392,  393 
Air  agitation,  for  can  ice  making,  high 
pressure,  381,  382,  385 
low  pressure,  381,  382 

blowers,  383 
medium  pressure,  385,  386 
Air,  as  a  refrigerant,  250 

dense,  250 
Air  compressors,  for  ice  making,  413 
Air  cooling,  fan  characteristics,  532 

for  blast  furnaces,  521 

for  mines,  529 

for  test  room,  531 

for  theaters,  525 
problem,  528 

refrigerating  machines  used,  527 
spray  chamber,  529 
Air  Uft"  pump,  283 
Air  refrigerating  machines,  9 
Air  washers,  capacity  of,  540,  541,  542 
Alternating-current  motors,  700 
Ammonia,  224 

diagram,  234 

superheated,  properties  of,  233 

thermal  properties  of,  225-232 
Ammonia  compressors,  high  speed,  23 

slow  speed,  21 


Apartment  refrigeration,  569 

hangers  and  details,  571 

piping,  569,  570 
Arctic-Pownall  system,  409 
Audiffren-Singren  compressor,  67,  68 
Autogenous  welding,  108 
Automatic  compressors,  156 

brine  control,  169,  171 
Automatic  expansion  valve,  158 

Alco,  161 

American  Radiator,  162 

Brunswick  Kroeschell,  160 

Cash,  160 

Climax,  160 

Peerless  Economizer,  163 
Available  energy,  4 

B 

Baer,  a.  IL,  489 

Bakery,  refrigeration  in,  502 
dough  mixer,  503 
})roblem  in,  505 

Ball,  John  and  Henry,  20 

Behrman,  a.  S.,  400 

Black  and  Cotton,  446 

Blatti,  a.  L.,  481 

Block,  Louis,  120 

Booster  compressor,  58 

BowEN,  J.  T.,  553 

BoYDEN,  H.  C,  267 

Brewery  refrigeration,  592 

Brine,  advantage  of,  253 
balance  tank,  253 
disadvantages  of,  254 
properties  of  calcium  chloride,  274,  275 
properties  of  magnesium  chloride,  276 
properties  of  sodium  chloride,  273 

Brine  cooler,  capacities  for  direct  expan- 
sion, 268-272 
capacities  for  shell  and  tube,  270,  272 
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Brine  cooler,  corrosion,  257 
double-pipe,  257,  258 
for  carbon  dioxide,  261 
horizontal  vs.  vertical,  256 
shell  and  tube,  255,  256 

Brine  piping,  258 

connections  to  brine  pump,  261 

Brine  systems,  252 

Brine  tanks,  concrete,  267 

Butane,  244,  249 
properties,  247 


CaUbrated  tank,  342 
Can  filling,  389 

automatic,  391 

baskets,  391 
Can  ice  making,  412 

accumulator  and  piping,  405 

amount  of  piping,  416 

core  sucker,  406 

design  of  plant,  411 

freezing  diagram,  412 

freezing  process,  407 

heat  removed,  414 

horse  power  required,  418 

precooling  water,  407 

piping,  403,  404 

processes  in,  407-411 

selection  of  the  compressor,  417 

time  of  freezing,  416 
Carbon  dioxide,  222 

charging  into  the  system,  322 

compressor  details,  81 

compressors,  41-46 

diagram  for,  222 

operation,  323,  324 

thermodynamic  properties  of,  223 
Carburetor  testing  (problem),  531 
Carload  shipments,  449 
Carnot  cycle,  4 

principle,  5 
Carre,  Edmund,  82 
Carrier,  Willis,  52,  246,  509 
Castings,  chilling  of,  548 

problem  in,  548 
Centrifugal  compressor,  40,  52 
Changes  of  state,  adiabatic,  3 

constant  volume,  3 

isobar,  3 


Changes  of  state,  isothermal,  3,  4 
Charging  with  ammonia,  310,  311 

amount,  311 
Checking  of  ice,  402,  403 
Chemical  industries,  refrigeration  in,  582 
Chemistry  of  water  softening,  396,  398 
Clark  and  Almy,  435 
Clearance,  31 
Coefficient,  of  heat  transmission,  184 

of  performance,  14 
Cold  storage,  429 

apple,  431 

average  temperature  of  goods,  441 

average  time  commodities  in,  430 

butter,  434 

eggs,  432 

fish,  434 

with  brine,  436 

freezing  of  fruits,  etc.,  439 

furs  and  fabrics,  440 

hold-over  tanks,  450 

industry,  the,  429 

pear,  432 

piping  for,  452,  405 

problem  in,  451 

space  allowance,  459 
occupied  by,  460 

vegetables,  437 
Cole,  C.  A.,  263 

Ralph,  390 
Coleman,  James,  20 
Collins,  W.  D.,  280 
Compressor  characteristics,  70,  72 

dimensions,  American  Carbonic,  76 
Arctic,  75 
Ingersoll-Rand,  80 
Worthington,  78,  79 

efficiency,  65 

enclosed  type,  30 

semi-enclosed,  29 

speed,  33 

vertical,  single-acting,  27,  73 
Condensers,  112 

atmospheric,  116,  122,  153,  154 
for  carbon  dioxide,  131 

bleeder,  122,  123 

flooded,  118,  119,  120,  121,  123,  124 

heat  removed,  129,  130 

inert  gases  in,  130,  132 

shell  and  tube,  126,  127,  128,  151,  152 
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Condensers,  submerged,  115.  119 

surfaces,  215 

water  requirements,  130 
Conduction,  law,  180 
Convection,  law,  ISO 
Conversion  constants,  3 
Cooling  and  conditioning  of  air,  507 

moisture  content,  508 

problem  in,  509 

Baudalot  cooler,  516 

cold  air  ventilating  ducts,  516 

formula  for,  516 

number  of  sprays,  515 

refrigeration  required,  512 

psj'chrometric  chart,  509 
Cooling  tower,  290,  291 

comparison  with  sprays,  298 

construction  of,  292,  293 

tests  of,  294 
Copper  wire,  weights  and  resistances.  698 
Cork  thickness,  cold  storage,  218 

cylindrical  coolers,  218 

freezing  tanks,  218 
Corkboard,  dimensions,  219 
Corrosion,  acidit}^,  260 

alkalinity,  262 

aUoys,  259 

effect  of  zinc,  257 

fittings,  259 

kind  of  brine,  260 

of  brine,  257 

tests  in,  263 
Corrosion  committee,  report  of,  264,  265 
Corrosive    substances,    refrigeration    of, 

582 
Costs    of    refrigerating    machinery    and 
equipment,  632 

absorption  machine,  639 

ammonia  receivers,  635,  643 

brine  coolers,  635,  644 

blowers,  637 

carbonic  compressors,  644 

depreciation  of  ice  plants,  673 

double-pipe  condensers,  638,  642 

electric  motors,  656-664 

horizontal  double-acting,  633 

oil-engine  operation,  669-672,  674 

operation  of  ice  plants,  675 

pipe,  653,  654 

piping,  646-652 


Costs   of    refrigerating    machinery  and 

equipment,  pumps,  666,  668 
Critical  temperature,  10 
Cullen,  Wm.,  20 
Cylinders,  number  of,  38 
Cylinder  oil,  307 

D 

Daniels,  G.  W.,  46 
Deep  well  pumps,  centrifugal,  286,  288 
Defrosting,  low-pressure  piping,  315,  316 
Dehumidifier,  386 

with  brine  coils,  386 

with  brine  sprays,  387 
Depreciation,  cost  of  ice  plants,  673 
Dichlorethylene,  51,  246,  249 
Direct-current  motor,  700 
Direct-expansion  system,  156 
Distilled-water  four  effect  evaporator,  378 
Distilled-water  ice  plant,  377 
Distilled-water  ice  system,  376 
District  cooUng,  498 

insulation,  500 

piping,  500 

where  used,  498,  499 
Doors,  sizes,  for  cold  storage,  220 
DoREMtJS,  R.  C,  390 
Douglas,  W.  S.,  47,  221 
Drinking  water,  573 

allowances,  577 

coolers,  577,  578 

pipe  insulation,  579 

piping,  375,  574 

problem  in,  579 

typical  load  curve  for,  581 

coolers,  577,  578 
Dual  compression,  54,  56,  58 
Dual  thermostats,  168 
Dyer,  D.  C,  434 

E 
Edwards,  H.  D.,  244 
Electric  motors,  696 

Electrical-resistance   thermometer,    329, 
330 

arrangement  for,  330 

table  for,  332 
Energy  equation,  2 
Energy,  intrinsic,  1 

kinetic,  1,  2 

potential,  1 
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Entropy,  6 

Erection,  leveling  and  grouting,  301 

Ethyl  chloride,  235 

diagram  of,  241 

properties  of,  241 
Excess  pressure,  causes  of,  318 
Expansion  cylinder,  18 
Expansion  valve,  18 

amount  of  opening,  312 
ExplosibiUty  of  refrigerants,  346 


Fairbanks,  F.  L.,  105 
Fans,  capacities  of,  conoidal,  534,  536 
planoidal,  538 

selection  of,  532 
Fire  protection,  630 

calcium  dryer,  631 

fire  pumps,  631 

sprinklers,  630 
First  law  of  thermodynamics,  3 
Fish  in  cold  storage,  434,  436 
Fisher,  Walter,  36 
FisKE,  D.  L.,  251 
Fittings,  carbonic,  117 
flanges,  133 
oil  separator,  118 

receivers,  134 
Fittings  for  ammonia,  105 

accumulator,  114 

Arctic  flanges,  149,  150 

bends  (York),  139 

Crane  flanges,  135 

distiller,  113 

ells  and  flanges  (Frick),  148 

ells,  crosses  and  tees  (York),  140 

ells  (Frick),  147 

expansion  cock,  112 

expansion  joint,  112 

flanges  (York),  136,  137,  138 

liquid  receiver,  113,  115 

oil  separator,  114 

pop  safety  valve,  111 

solder  joints,  105 

strainer,  112 

tees  (Frick),  146 

tees  (York),  144,  145 

valves  (York),  141,  142,  143 
Flexible  weighing  drum,  341 
Float  valve,  176,  177 


Flywheel,  for  electric  driven  compressors, 

707 
Foundations,  300 

template  and  anchor  bolts,  300 
Freezing  mixtures,  15 
Friction,  brine  flow,  461 

brine  in  pipes,  266 

laws  for,  265,  266 

problem,  463 

water  in  pipes,  264 
Frigidaire  compressor,  176 
Furs  and  fabrics,  440-446 

G 

Gas  w^arfare,  595 

Gasoline  manufacture,  590 

Gelatine  emulsion,  595 

General  Electric  compressor,  175 

Generator,  for  absorption  machine,  86 

Gibson,  A.  H.,  265,  266 

Glue  manufacture,  595 

GooDENoxjGH,  G.  A.,  86,  89 

GoRRiE,  John,  20 

Greene,  A.  M.,  172 

H 

Haber  process,  595 

problem,  596 
Hausbrandt's  formula,  209 
Headers,  108 

Heat,  removed,  by  the  condenser,  277 

condensing  water  chart,  279 

from  the  absorber,  87 

gallons  of  water  per  ton,  278 

Heat  transfer,  bkeder  condenser,  212 

double-pipe  condenser,  213 

effect  of  moisture,  190 

for  special  thickness,  218 

for  standard  brine  thickness,  218 

Hausbrandt  formula,  209 

sheU  and  tube,  214 

surface  film,  211 

table  for,  214 
Heat  transmission,  theory,  179 
Heilman,  R.  H.,  184 
Heritage,  A.  M.,  595 
Herter,  C.  H.,  49 
Hilger  no-freeze  back,  167,  171 
Hoist,  for  ice  cans,  419 
Hold-over  tanks,  459 
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HoRNE,  Geo.,  58,  343 

Horse  power,  of  compressors,  70 

per  ton  of  refrigeration,  14,  40 
Hotel  and  apartment  refrigeration,  567 

refrigeration  boxes,  temperature  of,  568 


Ice  cans,  sizes  of,  380 
Ice  cream,  560 

overrun  of,  562 

plant  design,  563 
problem  in,  564 

process  chart,  558 

total  heat  of,  561 

weight  of  cream,  560 
Ice  dumping,  389 

automatic,  390 
Ice  making  plants,  420 
Ice  scoring,  425,  426 
Indicators,  for  ammonia,  343 

reducing  motion,  344 
Induction  motor,  slip  in,  705 
Inspection  of  refrigerating  plants,  601 
Insulation,  brine  coolers  and  tanks,  195, 
196 

buckstays,  198 

bunkers,  204,  205,  206 

concrete  beams,  199 

doors,  200,  202,  203 

drinking  water  insulation,  190 

economic  thickness  of,  203 

effect  of  moisture,  190 

erection  of,  191 

fittings,  194 

floors,  197,  199 

kind  of,  184 

leakage    through   typical   walls,    186, 
187 

pipe  covering,  189 

protecting  and  finishing  cork,  192 

specific' conductivity,  188 

standard  construction,  193 

steel  beams,  199 

walls,  195,  199,  203 

windows,  201 
Isobutane,  properties  of,  248 


Jenkins  and  Shorthose,  235 


K 

Kelvinator  compressor,  173 


LiNDE,  Carl,  20,  44 
Loss  of  capacity,  316 

causes  of,  318 
Low  temperature,  production  of,  550 

Claude  process,  552 

Lindc  process,  551 

refrigerants,  582 
LowENSTEiN,  Arthur,  224 
Lubrication,  36,  250,  251 

M 

Macintire,  H.  J.,  53,  372 
Macintire,  Marvel  and  Ford,  244 
Magnetic  stop  valve,  166 
Malleable  cast-iron  fittings,  373 
Manifolds,  108 
Manufactured  ice,  374 

extent  of  the  industry,  375,  376 
Marine  refrigeration,  489 

apple  transport,  491 

chilled  meat,  494 

insulation,  489 

kinds  of  cargo,  490 

mechanical  equipment,  495 

temperature  control,  493 

ventilation,  492 
Maximum-pressure  switch,  for  ammonia, 

168 
McLenegan,  D.  W.,  702 
Mean  temperature  difference,  216,  585 

calculation,  217 
Measurement,  of  ammonia,  340,  341 

of  brine,  337 

of  water,  337 
Mechanical  refrigeration,  definition,  1 
Methyl  chloride,  244 

diagram,  244 

thermodynamic  properties,  242,  243 
Milk,  coohng  of,  552 

pasteurizing,  553 
problem  in,  555 

specific  heat  of,  556 

specific  gravity  of,  556 
Mines,  air  conditioning  in,  529 
Mixtures  of  refrigerants,  249 
MOLLIER,  H.,  89 
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Mullet,  G.  B.,  283 

Multiple-effect  compression  (Dual),  54- 
58 

N 
Natural  ice,  374 

in  storage,  375 
Nichols,  Percy,  329 
Non-condensible  gases,  313,  314 

purge  drum,  314 

O 

Oakley,  A.  W.,  429 
Oil  engine,  711 

costs  of  operation,  671,  672,  674 

oil  consumption,  716 

ratings,  713 
Oil  refining,  585 

filter  press,  588 

problem,  585 

wax  chilling  machine,  587 
Oil  separator,  306 
Operating  costs,  ice  plants,  675 
Ophuls  and  Greene,  121 
Optimum  refrigerant,  19 
Optimum  water  rate,  296,  297 
Ormsby,  E.  S.,  403 
Orrak,  Geo.,  211,  212 
Osborne,  W.  S.,  251 
Overholser,  E.  L.,  439 


Packing  house,  464 

balanced  system,  466 

brine  spraj^  problem,  473 

brine  vs.  direct  expansion,  464 

chiUing,  468 

extent  of  the  industry,  464 

lard  cooling,  475 
problem,  476 

open  system,  464 

refrigeration  required,  468 

sprays,  470 
Peclet's  laws,  180 
Pendulum-type  compressor,  53 
Pennington,  M.  E.,  433 
Perfect  gases,  7 

changes  of  state,  8 

intrinsic  energy,  8 

specific  heat  of,  8 


Perkins,  Jacob,  20 
Peterson,  J.  W.,  436 

process  of  fish  freezing,  436 
P-I  diagram,  7 
Pictet  liquid,  21 
Pipe  joint,  kind  of,  301 
Piping,  ammonia  coils,  303 
condenser  connection,  314 
to  brine  tank,  305 

brine,  365 

can  ice  making,  359 

cold  storage,  361 

compressor,  354 

condenser,  355-358 

conventions,  372 

defrosting,  365 

detaQs  of,  303 

examples  of,  354-373 

flooded  system,  358 

ice  cream  hardening,  365 

kinds  of,  301,  354 

Hquid  line,  359 

low  pressure,  360 

malleable  castings,  373 

radiator  sections,  369,  370 

sharp  freezer,  361 

size  of,  355 

suction,  364 

supports,  details  of,  302 

table,  of  extra  heavy,  371 
of  standards,  370 
Piston  displacement,  formula  for,  39 
Platen-Munters  system,  103 
Poetsch  process,  550 
Pohle  air  lift,  283 
PoHLE,  Julius,  283 
Pop  safety  reUef  valve,  602 
PosTE,  Emerson  P.,  261 
Potentiometer,  Type  K,  330 
Power,  equation  for  electric,  647 
Precooling,  carriers,  488 

of  fruits,  483,  487 

shipper's,  488 
Precooling  water  for  ice  making,  407 
Pressure  gage,  2 

absolute,  2 
Propane,  244 

properties,  245 
Psychrometric  chart,  509 
Purge  drum,  214 
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Purging,  absorption  machines,  104 
P-V  diagram,  3 

R 

Radiation  law,  179 

Radiation  soction,  flexibilitj-  of,  372 

for  ammonia,  369 

heat  transfer  of,  372 
Raw  water  system,  378 

can  system,  379 
Refrigerants,  221-251 

for  small  compressors,  174 
Refrigeration  cj'cle,  12,  15,  16 
Refrigerator  boxes,  temperature  for,  568 
Refrigerator  car,  477 

icing,  484,  485 

insulation  of,  480 

mechanically  cooled,  483 

shipment  of  fruits,  479 
Refrigerator  cars  in  operation,  483 
Regenerator,  314,  315 
Restaurant  refrigeration  boxes,  temper- 
ature of,  568 
Reversible  process,  4 
Rotary  compressor,  48 

blade  type,  49 
Rubber  manufacture,  594 
Russell,  Roberts,  and  Chappell,  264 

S 
Safety  code,  for  mrohanical  rr  frige  ration, 

602 
Safety  devices  and  fire  protection,  599 
Safety  valve  for  carbon  dioxide,  107 
Safety  valves,  599 
Saint  Clair  compressor,  58 
Salts,  removal  from  solution,  582 
problem,  583 

solubility  of,  584 
Scale  trap,  307 
ScHou,  Theodore,  703 
Second  law  of  thermodynamics,  4 
Shipley,  Thomas,  58,  121,  386,  417 
Skating  rinks,  545 

design  of,  546 

table  of,  548 
Sleeve  valves,  343 
Sloan,  Harry,  58,  277,  389 
Small  refrigerating  machines,  169 

piping  arrangements,  177 


Soap  manufacture,  593 
Smith,  E.  E.,  244 

Morgan  B.,  259,  262 
Specific  heat,  3 
Specifications,  676 

compressors,  676,  684,  691,  692 

condenser  pans,  683 

condensers,  677,  682 

fittings,  678 

freezing  system,  680,  686 

freezing  tanks,  cans,  etc.,  686,  687,  695 

ice  making  plant,  681,  688 

piping,  679 

sand  filters,  694 

uniflow  steam  engine,  685 
Sprinklers,  for  fire  protection,  630 
Stage  ammonia  compression,  58-65 
Steam  and  oil  engines,  708 
Starting  the  compressor,  307,  318 

blowing  out  coils,  309 

by-pass  valves,  308 

pumping  air  pressure,  308 
Stevenson,  A.  R.,  703 
Stiles,  Walter,  436 
Stop  valves,  pressure  actuated,  600 

remote  control,  600 
Storage  of  ice,  423 

benching  machine,  424 

ice  elevator,  425 
Strainers,  for  expansion  valve,  165 
Sulphur  dioxide,  224 

compressor,  46 

diagram,  235 

thermodynamic  properties,  236-240 
Surface   film,    effect    on  heat    transfer, 

211 
Synchronous  motor,  702,  703 

for  two  speeds,  704 
Synthetic  manufacture  of  ammonia,  598 


Tabor,  J.  M.,  436 
Tait,  R.  H.,  502 
Temperature,  absolute,  2 

of  goods  in  cold  storage,  441 

scales  of,  2 

zones  of  average,  182 
Test  code  for  refrigeration,  345 
Testing,  for  leaks,  309,  319,  320,  321 

refrigerator  plants,  327 
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Theatre  cooling,  525 

Thermal  conductivity,  183 

Thermal  potential,  6 

Thermal  properties  of  various  substances, 

589 
Thermocouple,  in  parallel,  336 

in  series,  336 

possible  error,  334,  335 

simple  connection,  332 

table  of  e.m.f.,  333 
Thermometers,  correction  for,  328 

recording,  335 

stuffing  box,  328 
Thermostat,  156,  157 
Thin-plate  orifice,  340 
Thompson,  H.  C,  437 

Nelson  S.,  578 
Ton  of  refrigeration,  13 
Transmission  compressor  data,  69 
Turbo-compressor,  52,  53 

U 

Uniflow  steam  engine,  708,  712 

water  rate,  709 
Universal  compressor,  174 


Valves,  109 
Vapors,  10 

equations  for,  11,  12 

latent  heat,  11 

liquid,  10 

superheated,  11 
Venturi  meter,  338,  339 
Vertical  compressor,  325 

data  on,  326 
VoiGHT,  Heinz,  52 
Volumetric  efficiency,  32,  65 


W 

Water  control,  161,  170 

Cash,  165 

Monogram,  165 
Water  cooling  formula,  295,  296 
Water,  hardness  of,  384 

pumping,  288 

centrifugal,  289,  290 

laws  for,  290 

temperature  of,  surface,  282,  284,  285, 
well,  280,  281 
Water  jacket,  35 

Water  pressure  failure  switch,  166 
Water  softeners,  395,  399,  400 

for  can  ice,  400,  401,  402 
Water  sprays,  295,  299 
Water  vapor  as  a  refrigerant,  250 
Water  vapor  refrigerating  machine,  54 
Welded  carbonic  condenser,  106 
Well  water,  temperature  of,  280,  281 
Welding,  107 

flame,  108,  109 
Westinghouse  refrigerating  machine,  53 
White,  Arthur  C,  262 
Whyte,  Harry,  389,  423 
Wilcox  and  Farmen,  529 
WiLLARD  and  LiCHTY,  181,  182 
WiLLCox  and  Hodgdon,  44 
Williams,  Llewellyn,  490 
Windhausen  compressor,  55 
Winterrowd,  W.  H.,  482 
Wire  and  wiring,  697 

capacity  of  conduits,  706 

sizes  of,  697 

sizes  of  a.c.  motors,  707 
Withdrawing  charge,  317,  318 


Zoller,  H.  F.,  562 


b 


DUE  DATE 

Novogiy 

y;j 

4     r 

ijl 

Printed 
in  USA 

NORTHEASTERN  UNIVERSITY  LIBRARIES 


3  9358  00804186  2 


